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1.0 INTRODUCTION AND HISTORY 
 
 
The Canal 111 (C-111) project is located in southern Dade County, Florida, adjacent to 
the eastern boundary of Everglades National Park (ENP).  C-111 was originally authorized 
by Congress as an addition to the Central and Southern Florida Project.  The authorization 
for this addition to the system was given to the U.S. Army Corps of Engineers (USACE ), 
Jacksonville District through the Flood Control Act of 1962.  In 1968, Congress authorized 
additional modifications to C-111 to allow construction of the ENP-South Dade 
Conveyance System project.  This project provides water to urban Dade County as well as 
to lower ENP.  The ENP Protection and Expansion Act of 1989 authorized the Secretary 
of the Army to modify the project to improve water deliveries to ENP and take steps to 
restore natural hydrologic conditions in ENP.  The Act stipulated that continued 
studies/plans for project works within the C-111 basin should include all measures 
(feasible and consistent with project purposes) that would protect and enhance the natural 
values associated with ENP.  The C-111 project and its approved modifications are 
intended to provide both a flood control function and an ecological restoration function.  
The authorized project modifications include the construction of a parallel levee system 
west of the C-111 Canal for the purpose of creating a “hydrologic ridge” between the 
Canal and ENP.  It is designed to redirect C-111 basin storm water into the parallel levee 
system to reduce groundwater seepage from ENP to the east and provide greater 
flexibility for managing stormwater.  This reduction in net seepage to the east is 
anticipated to provide tremendous ecological benefits to ENP by keeping more water 
within ENP. 
 
To date, implementation of these laws has led to the development of a General Evaluation 
Report (GRR) in 1994 and a Supplement to the GRR in 2002.  The 1994 GRR C-111 
features include: 
 

• New Bridge at Taylor Slough 
• Five new pump stations (S-332A, S-332B, S-332C, S-332D, S-332E) 
• Parallel levees separating ENP and C-111 
• Filling of L-31W Borrow Canal for 5.5 miles 
• Concrete Channels between the pump stations and levee system 
• C-111N Eastern Spreader Canal (9 miles in length) 
• Plug Canals 109 and 110 
• Degrade C-111 Spoil Mounds 
• 20 culverts to ENP from the parallel levee system 

 
Several of these features have been constructed over the last several years including the 
S-332D pump station, S-332C pump station, S-332B pump station; portions of the parallel 
levee system; degrading of the C-111 spoil mounds; and plugging of the C-109 and C-110 
Canals.  The S-332B and S-332C pump stations were constructed under emergency 
contracts to provide protection for the adjacent Cape Sable Seaside Sparrow habitat.  
None of the originally-proposed culverts have been installed due to water quality 
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concerns.  These concerns were evaluated in more detail by the USACE and are detailed 
in the 2002 GRR Supplement.   
 
The 2002 Supplement to the GRR proposes adding additional levee sections to the 
parallel levee system by extending the system north to the 8.5 Square Mile Area (SMA) 
and further south into the southern Frog Pond area.  The increased detention area will 
provide improved water quality and ecological benefits to ENP.  This Supplement to the 
GRR is awaiting approval at USACE Headquarters; its approval is expected soon.  The 
South Florida Water Management District (SFWMD), the local sponsor of the project, has 
indicated its support for the 2002 GRR Supplement to the 1994 GRR plan. 
 
The parallel system of levees eventually will extend from Richmond Drive in the north to 
the Frog Pond in the south.  Currently, only portions of the system have been constructed.  
These detention areas include a 155-acre basin west of S-332B, a 230-acre basin north of 
S-332B, a 300-acre basin west of S-332C and an 800-acre basin west of S-332D.  The S-
332D basin is designed to overflow to a shallow conveyance channel (flow way) of several 
hundred additional acres leading toward the portion of the Frog Pond levee that has been 
degraded to allow for flow way water delivery to the headwaters of Taylor Slough in ENP.  
Figure 3 provides a general location of the different detention areas within the C-111 
project area as well as the associated structures.   
 
Water quality monitoring of these detention areas has been conducted in accordance with 
a Florida Department of Environmental Protection Emergency Authorization to operate the 
system pending interagency agreements on the appropriate long-term operations permit.  
To supplement those compliance based monitoring activities, the USACE conducted 
supplemental, non-compliance based surface water, groundwater, and ecological 
investigations during June and July 2002 to document pre-operations and start up 
conditions to assist in evaluation and verification of the project design.  The results of 
those investigations, performed on behalf of the USACE by CH2M HILL, are detailed in 
the companion document:  "Draft Technical Memorandum No. 3.  S-332D Detention Area 
Pre-Operations and Start-up Phase Monitoring Data Review" (CH2M HILL, October 2002).  
This USACE document supplements the consultant’s report with additional data generated 
by the Corps' other compliance monitoring efforts under the FDEP Emergency 
Authorization, plus amendments.  While these specific documents are focused solely on 
the S-332D detention area, the data and results from this investigation are viewed as 
representative of the overall project performance within the C-111 basin.   
 
For a comprehensive understanding of the surface water, groundwater, and ecological 
investigations conducted in June and July 2002, the above referenced technical 
memorandum should be reviewed.  This USACE summary document is focused on 
presentation of a subset of the overall data generated, with particular emphasis placed on 
shallow groundwater conditions.  Several monitoring wells have been installed in the S-
332D detention area and these are shown on Figure 4.  
 
This USACE summary report, combined with CH2M Hill’s technical memorandum, 
presents an intensive and comprehensive compilation of monitoring data available for the 
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S-332D detention area. The goal is to present key data in a format that promotes dialogue 
between agency representatives, and solicit input relevant to the completed facilities and 
future site operations. Several conclusions and recommendations are presented that are 
based on USACE's review of these data.  It should be emphasized that the data only 
cover a six-week period in June and July 2002.  Comprehensive conclusions and 
recommendations should be deferred until additional monitoring records are available.  
The USACE is implementing a continued supplemental field investigation of the S-332D 
detention area pending final design and implementation of a long term, comprehensive 
monitoring program, currently under development in coordination with the SFWMD, the 
project’s non-Federal sponsor.  The USACE presented the scope of this supplemental 
field investigation and solicited input at an interagency at an interagency workshop held on 
July 24, 2002 regarding continuation of the supplemental field investigations.  The USACE 
has since been revising the scope of the contract with CH2M Hill in response to the 
comments received and anticipates resuming the supplemental field investigations in 
December 2002.  
 
As noted above, compliance-based monitoring efforts associated with the C-111 project's 
detention areas have been conducted for a much longer time period.  Appendix A 
provides the longer term monitoring results for USACE's monitoring of total phosphorus in 
the C-111 basin from February 2001 through August 2002.  This includes analyses of total 
phosphorus in the S-332D, S-332C and S-332B detention areas.  Comparisons are 
developed between rainfall, discharge and total phosphorus concentrations in the S-332D 
detention area as well as evaluating total phosphorus in the S-332C and S-332B detention 
areas. 
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2.0  GROUNDWATER GRADIENTS 
 
Prior to the completion of the new cells in the Frog Pond area this year, water was 
pumped directly from the S-332D pump station into the L-31W canal.  The L31W canal 
conveyed most of the water south to the S-332 pump station.  The S332 pump station was 
used to pump the water into Taylor Slough.  Prior to the Interim Operating Plan, water 
stages in the L-31W canal were generally higher than stages in both the ENP and the 
Frog Pond.  This operation resulted in groundwater gradients noted on Figure 2.    
 
The S-332D pump station now discharges water into a distribution cell at the north end of 
the Frog Pond.  Water then sheet flows overland crossing three weirs (one earthen and 
two concrete) on its way to discharge to Taylor Slough north of S-332.  S-332 has been 
bypassed by removal of 1000 feet of levee on the west side of L-31W and 2000 feet on 
the eastern side of L-31W.  Although a majority of the water flows across the degraded 
levee into Taylor Slough, a small fraction of water flows northward up the L-31W canal 
and southward down the L-31W canal.  The use of the S332D detention area has modified 
the groundwater gradients in both the ENP and the Frog Pond.  This is demonstrated by 
comparing Figures 1 and 2.  Figure 2 is a typical flow pattern prior to construction of the 
S332D detention area and Figure 1 is a typical flow pattern utilizing the S332D detention 
area.  Figure 1 shows that by applying water to the S332D detention area, the easterly 
gradient in the ENP has been reduced to almost no gradient at all.  The lowering of the 
gradient in the ENP through the use of S-332D has helped to reduce seepage from ENP, 
consistent with the goal of the C-111 project.   
 
With the water now being pumped to the S332D detention area in lieu of the L31W canal, 
the easterly gradient between the Frog Pond to the C-111 canal have increased and there 
is an increase of flow into the C-111 canal south of S-176.  This is shown by comparing 
the Frog Pond gradients in Figures 1 and 2.    
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3.0  Evaluation of Monitoring Data 
 
As stated earlier, this evaluation report is focused primarily on a subset of the overall data 
generated, with particular emphasis placed on potential indicator water quality 
constituents that might be useful for documenting surface water effects on groundwater 
quality in areas adjacent to the S-332D detention area.  The potential indicator water 
quality constituents evaluated in this report include several ionic parameters and 
phosphorus.  For a comprehensive understanding of the details of the surface water, 
groundwater, and ecological investigations conducted in June and July 2002, CH2M Hill’s 
technical memorandum should be reviewed.  
 
3.1 Ionic Constituents 
 
Exhibits 1 through 5 provide a comparison of different ionic parameters during the initial 
operation of the S-332D detention area.  Each exhibit shows several bars corresponding 
to a given monitoring well.  These bars represent a weekly sampling period.  There is 
missing information for some sampling periods during the six week monitoring effort, thus 
not all monitoring wells shown include six data points or six bars.  Inflow concentrations 
were typically sampled three times per week and the inflow concentration shown in 
Exhibits 1 through 5 denote an average inflow concentration for a given week.  This inflow 
concentration represents surface water quality conditions for these parameters within the 
S-332D detention area.  Each well location is color coded corresponding to its relative 
location in the S-332D detention area.  The first five wells noted on these exhibits 
correspond to the ENP wells and are identified with a blue color.  The next four wells are 
the shallow wells located adjacent to the L-31W canal and are identified with a yellow 
color.  Two of these wells are located west of the canal, on ENP lands, and the other two 
wells are located east of the canal.  The last set of bars is the average inflow 
concentration, which represents surface water in the S-332D detention area and is 
identified with a magenta color.   
 
Comparing these different sets of data clearly shows a contrast between the ENP wells, 
the L-31W wells and the inflow for several ionic parameters.  These parameters include 
sodium, potassium, magnesium, chloride and total dissolved solids (TDS).  The following 
sections discuss these differences.   
  
3.1.1 Sodium 
 
Exhibit 1 distinguishes the sodium concentration at: (1) the ENP wells (MW-28, 29, 30, 32, 
33); (2) the wells adjacent to the L-31W canal (MW-23, 26, 31, 34); and (3) the inflow to 
the detention area.  This exhibit demonstrates that the sodium concentration of surface 
water inflow was consistently around 25 mg/l throughout the monitoring period whereas 
the sodium concentration of the ENP wells was initially around one half the concentration 
of the surface water (between 10-15 mg/l).  Therefore, there is a clear and distinct 
difference in sodium concentrations between surface water in the detention area and 
groundwater in the ENP wells. 
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This data reveals that both the ENP background well (MW-28) and the two ENP wells 
along Transect A (MW-29 and MW-30) have not been influenced by the operation of  
S-332D.  The sodium concentration in these three wells is relatively constant through the 
monitoring period.  However, the ENP monitoring well along Transect B that is nearest to 
the S-332D detention area (MW-33) does indicate evidence of an influence from the 
operation of S-332D as sodium concentrations in this well increased from 11 mg/l to 24 
mg/l.  The interior well along Transect B (MW-32) also showed a slight influence as 
sodium concentrations in this well increased from 10 mg/l to 18 mg/l.   
 
The sodium concentrations in the four shallow wells adjacent to L-31W canal resemble the 
inflow sodium concentrations of 25 mg/l.  Although not shown on this exhibit the sodium 
concentrations in the four shallow wells adjacent to L-31W canal are also similar to the 
sodium concentration sampled in the L-31W canal water.  It is apparent that the L-31W 
canal waters may have had an effect on the four shallow wells adjacent to the L-31W 
canal.         
 
3.1.2 Magnesium 
 
Exhibit 2 provides a comparative analysis of the magnesium concentration at several 
shallow groundwater monitoring wells at S-332D.  As with the other ionic parameters, this 
exhibit appears to show a difference in magnesium concentrations between the five ENP 
wells, the four wells adjacent to the L-31W canal, and the inflow.  Most ENP wells note a 
magnesium concentration between 2 mg/l and 3 mg/l whereas the inflow magnesium 
concentration to the S-332D detention area is between 5 mg/l and 6 mg/l. 
 
Of the five ENP wells, both the background wells (MW-28) and the two Transect A wells 
(MW-29 and MW-30) show no evidence of an influence from the surface water as the 
magnesium concentration in these wells did not increase throughout the monitoring 
period.  The ENP monitoring well along Transect B that is nearest to the S-332D detention 
area (MW-33) does indicate a possible influence from the operation of S-332D as 
magnesium concentrations in the well increased from 2.4 mg/l to 3.9 mg/l.  It appears that 
the interior well along Transect B (MW-32) also showed a slight influence as magnesium 
concentrations in this well increased from 2.2 mg/l to 2.9 mg/l. 
 
3.1.3 Potassium 
 
Exhibit 3 compares potassium concentrations in the ENP wells to potassium 
concentrations along L-31W to potassium concentrations at the inflow into the S-332D 
detention area.  This exhibit reveals a clear distinction of potassium concentrations in the 
ENP wells to the wells adjacent to the L31W canal and to the surface water.  All of the five 
ENP wells indicate a potassium concentration of 1 mg/l.  This is the detection limit of 
potassium, therefore the potassium concentration in the five ENP wells may actually be 
lower than 1 mg/l.  A lower detection limit may reveal a more significant difference in 
concentration levels than that shown in this exhibit.  This exhibit also indicates that none 
of the five ENP monitoring wells have been influenced by the operation of S-332D.  This is 
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the only parameter which shows no influence at any of the ENP wells.  The other four 
ionic parameters all show some influence in Transect B.  It may be that there has been 
some potassium ionic influence on the ENP wells, but this influence may be such a minor 
contribution that it is still not being detected.  The USACE will continue to monitor the 
wells in ENP in addition to the wells adjacent to the L-31W canal for potassium ionic 
concentration to determine if this difference in potassium concentration continues over a 
longer term of operation. 
 
3.1.4 Chlorides 
 
Exhibit 4 represents chloride concentrations in three general areas at the S-332D 
detention area.  Similar to sodium, potassium and magnesium, the chloride concentration 
in the ENP wells were all below both the inflow surface water chloride concentration and 
chloride concentration of the four shallow wells adjacent to L-31W.  Many of the ENP wells 
noted chloride concentrations between 20 and 30 mg/l whereas surface water chloride 
concentration averaged between 40 and 50 mg/l.  The chloride concentrations of the wells 
adjacent to L31W were typically between the ENP wells and the surface water (between 
30 to 40 mg/l). 
 
Of the five ENP wells, the background well (MW-28) and the two Transect A wells (MW-29 
and MW-30) show no evidence of an influence from the surface water as the chloride 
concentration in these wells decreased during this monitoring period.  The ENP monitoring 
well along Transect B that is nearest to the S-332D detention area (MW-33) does indicate 
some evidence of an influence from the operation of S-332D as chloride concentrations in 
the well increased from around 20 mg/l to near 40 mg/l.  The interior well along Transect B 
(MW-32) also showed a slight influence as chloride concentrations in this well increased 
from approximately 20 mg/l to 30 mg/l. 
  
3.1.5 Total Dissolved Solids 
 
Exhibit 5 provides a comparison of TDS concentrations in three general areas at the  
S-332D detention area.  Although not as significant of a contrast between ENP wells and 
surface water as with the other ionic parameters, Exhibit 5 does demonstrate a slight TDS 
concentration difference between the ENP wells and surface water.  The TDS 
concentration for the five ENP wells is between 230 and 250 mg/l whereas the TDS 
concentration of the inflow surface water to the detention area was near 300 mg/l. 
 
Of the five ENP wells, the background well (MW-28) and the two Transect A wells (MW-29 
and MW-30) show no evidence of an influence from the surface water as the TDS 
concentration in these wells stayed approximately the same.  The ENP monitoring well 
along Transect B that is nearest to the S-332D detention area (MW-33) does indicate 
evidence of an influence from the operation of S-332D as TDS concentrations in this well 
continuously increased from week to week beginning at the ENP groundwater 
concentration of 230 mg/l and ending at the surface water concentration near 300 mg/l.  
The interior well along Transect B (MW-32) noted a lesser influence as TDS 
concentrations in this well increased from approximately 230 mg/l to 260 mg/l. 
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3.2 Phosphorous Analysis 
 
3.2.1 Phosphorus Concentrations in Surface Water at S-332D Detention Area 
 
As noted in the attached report from CH2M Hill, phosphorus was sampled at the inflow to 
the S-332D detention area and at the outflow from the detention area at a frequency of 
three times per week.  In addition, several phosphorus samples were collected in the 
middle of the detention area between Cell 1 and Cell 2.  Comparing the inflow data to the 
outflow data shows that the outflow phosphorus concentrations were often greater than 
the inflow concentrations.  This could be expected after the initial startup of the S-332D 
detention area as the result of dynamic conditions created by water initially flowing 
through the detention area which may have suspended any fines or other material left in 
the detention area after the area was scraped down during construction activities.  The 
average phosphorus concentration at the inflow was 8.5 µg/l during the startup period in 
July 2002 whereas the average phosphorus concentration at the outflow was 11.7 µg/l for 
the same period of record. 
 
Although the phosphorus concentration temporarily increased during the startup of the 
detention area, the monitoring of phosphorus further down gradient at S-332 during this 
same time interval shows no evidence of any increase in phosphorus concentrations 
between the inflow sampling point (S-332D) and S-332.  Exhibit 6 compares average 
weekly phosphorus concentrations at four different locations.  These locations are: S-
332D, inflow to S-332D detention area, outflow from S-332D detention area, and S-332.    
Sampling location S-332D and the sampling location at the inflow to S-332D detention 
area should be analogous to each other as both these sampling points are upstream of 
the S-332D detention area and are located in close proximity.  However, several thousand 
feet of the flow way separate the S-332D outflow sampling station from station S-332. 
 
As noted in the Section 2.0 (Groundwater Gradient Section), both the surface water and 
groundwater flow gradient near the flow way discharge to ENP is in the southwest 
direction, towards the park.  Therefore, it is likely that the S-332 sampling location is 
influenced by the water being discharged from the detention area.  This demonstrates that 
even though there has been an increase in phosphorus concentrations through the 
detention area, the phosphorus concentrations being discharged from the flow way to 
Taylor Slough are, on the average, less than the phosphorus concentrations near S-332D.  
For more detailed results on the monitoring of phosphorus in the C-111 area, please see 
the attached Appendix A. 
 
The USACE will continue to monitor phosphorus concentration in the high head cell 
discharge, the discharge from Cell 1 and the discharge from Cell 2.  In addition, the S-332 
sampling location has been relocated to the center of the flow way discharge to directly 
monitor outflow from the detention area.   
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3.2.2 Phosphorus Concentration in Groundwater 
 
Exhibit 7 provides a comparison of phosphorus concentrations in groundwater between 
the shallow (screened at roughly 20 feet below land surface, bls) and deep (screened at 
roughly 40 feet bls) well clusters.  Data collected during the startup of operations of the S-
332D detention area indicates that at some locations, the phosphorus concentration in 
groundwater increased with depth through the Biscayne Aquifer.  There are two well 
clusters where the deeper wells noted higher phosphorus concentrations than the 
corresponding shallow well.  It both instances where phosphorus concentration were 
higher in the deep well than the shallow well, the well clusters were located adjacent to the 
L-31W canal.  These well clusters include MW-23/24 and MW-26/27.  Phosphorus 
concentrations in the deep wells typically were three to four times higher than the 
corresponding shallow well.  Reasons for the difference in phosphorus concentrations 
could be because the relatively low phosphorus concentrations in the L-31W canal have 
affected both shallow wells (MW-23 and MW-26) whereas the deeper wells adjacent to the 
canal (MW-24 and MW-27) have not been directly affected by canal waters. 
 
Monitoring well cluster MW-21/22 notes relatively high phosphorus concentrations in both 
the shallow and deep well.  This well is located in the center of the Frog Pond area and 
higher phosphorus levels at this well cluster could be the result of past agricultural 
applications.   There are no deep wells in the ENP to monitor the phosphorus 
concentrations in the deeper zone so it is indeterminate what the pre-operational 
background concentrations were and whether phosphorus concentrations in the deeper 
zone have changed as a result of operating the S-332D detention area. 
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4.0 Conclusions and Recommendations  
 
Based on the analyses of the pre-operational and start-up monitoring in the S-332D 
detention area, as presented in CH2M Hill’s report supplemented by data drawn from C-
111 water quality permit monitoring requirements, the USACE has developed the following 
conclusions and recommendations with regards to the continued operation and monitoring 
of the S-332D detention area. 
 
 
a. The USACE agrees with the conclusions and recommendations stated in the 

CH2M Hill report. 
 
b.  The low level sampling of pesticides demonstrates that scraping the Frog Pond 

during construction and the initial surge of water through the detention area did not 
release pesticides through the surface water or the groundwater.  Since low level 
pesticide concentrations have not been detected during the startup period, the 
USACE does not recommend additional pesticide sampling during the interim 
monitoring period.  

 
c.  Even though phosphorus concentrations in the outflow from the detention area 

often exceeded inflow concentrations, the downgradient sampling station, S-332 
(USACE autosampler) showed that average weekly phosphorus concentrations 
have been less than 10 µg/l during the same period of operation.  This calculation 
was based on averaging three sample results per day.  The USACE will continue to 
monitor phosphorus concentration in the high head cell discharge, the discharge 
from Cell 1 and the discharge from Cell 2.  In addition, the USACE S-332 sampling 
location has been relocated as of August 2002 to the center of the flow way 
discharge to directly monitor outflow from the detention area.  Monitoring 
information on the relocated S-332 sample station will be provided in a subsequent 
data report. 

 
d.  Some of the deeper wells noted phosphorus concentrations much higher than 

either the surface water or shallow groundwater concentration.  The USACE 
recommends the continued monitoring of these deeper wells and consideration of 
the installation of similar deeper wells in the ENP to evaluate phosphorus 
concentrations in the groundwater. 

 
e.  Even though many metal parameters have not been detected in the S-332D 

detention area during startup, the USACE will continue to monitor groundwater 
wells for metals on a biweekly frequency as part of the interim monitoring program 
planned for implementation during the fourth quarter of 2002. 

 
f. Several ionic parameters show that the operation of S-332D detention area has 

had some influence on the Transect B ENP wells.  The ENP interior well (MW-32) 
was less affected than the ENP well nearer to the S-332D detention area.  
However, there has been no indication that the operation of S-332D has affected 
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the Transect A ENP wells.  One possible reason for this may be because the 
Transect B wells are potentially influenced by increased stages in both Cell 1 and 
Cell 2 whereas the Transect A wells are only influenced by the impounded waters 
within Cell 1.   

 
g. Although many of the ionic parameters being monitored in the S-332D detention 

area show that the detention area surface water has had some influence on the 
Transect B groundwater monitoring wells in the ENP, there is no indication that the 
phosphorus concentrations in the ENP wells have increased as a result of 
operating S-332D detention area.  In fact, the operation of the S-332D detention 
area has reduced the phosphorus concentrations in Transect B ENP monitoring 
wells.  The three ENP wells along Transect B (i.e, MW-34, MW-33, MW-32) all 
show phosphorus concentration at the end of the monitoring period much lower 
than the phosphorus concentration at the beginning of the monitoring period.  The 
table below shows the steady reduction of phosphorus concentration in the three 
ENP wells along Transect B.  It appears that remnant phosphorus concentrations in 
the ENP wells at Transect B are being displaced by water with a lower phosphorus 
concentration.  Since no historical data exists for these wells, it is uncertain whether 
the initial high phosphorus concentration shown in the table below are a result of 
past agricultural operations in the Frog Pond or are transient in nature.   

 

TABLE 1 
 
   TOTAL PHOSPHORUS CONCENTRATIONS IN TRANSECT B ENP WELLS  
 

Date MW- 34 MW-33 MW-32 
6/18/02 30  - - 
6/27/02 25 14 37 
7/12/02 19 7 30 
7/17/02 15 9 24 
7/24/02 10 8 22 
8/01/02 7 8 16 

 
   all values in µg/l  
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5.0 Future Actions   
 
The following USACE actions will be undertaken: 
 
a. Install stage gages in the high head cell, Cell 1, Cell 2, and the flow way (planned 

under a current task order amendment).  
 
b. Evaluate rating the weir between the high head cell and Cell 1 and between Cell 1 

and the Flow way to quantify detention area inflow and outflow (planned effort with 
either USGS or SFWMD support). 

 
c. Calculate a water budget for S-332D (following inflow and outflow measurement 

improvements). 
 
d. Evaluate the need for installing deeper wells in the ENP (discussions with other 

agencies planned). 
 
e. Provide additional monitoring on a biweekly frequency to provide more information 

on the possible effects of operating S-332D.  
 
f. Continue to design, construct, and operate the features of the C-111 project in 

accordance with Congressional authorities and in coordination with appropriate 
federal and state regulatory and resource management agencies. 
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Water Flow Patterns at S-332D
After Construction of New Cells

(With S-332C & S-332D Operating)

Low Gradient Area

Ground Water

Surface Water

Figure 1.  Wet Season – 2002



Water Flow Patterns at S-332D
Before Construction of New Cells

(With S-332C & S-332D Operating)

Ground Water

Surface Water

Figure 2.  Wet Season  - 2001
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Appendix A 
Review of Long-Term Monitoring of Total Phosphorus 

As Related to C-111 Emergency Operating Permit 

1.0 Introduction 

The Army Corps of Engineers has collected surface and groundwater quality 
data in the C-111 basin as part of the DEP Emergency Operating Order for S-
332D, S-332C, and S-332B Pumps and detention cells.  This monitoring began in 
Fall of 1999 and continues to this day.   This appendix is a summary of total 
phosphorus data collected by the Army Corps of Engineers between February 
14, 2001 and September 30, 2002.     Total Phosphorus data collected by the 
USACE prior to February 14, 2001 was not included in this data summary 
because it was collected and analyzed using less accurate methods.

2.0 Analysis of S-332D / L31W TP Data 

At the S-332D / L31W project features the USACE has collected long-term TP 
data at S-332D, S332DW, L31WTS, and S332.   Figure A1 shows the sampling 
locations.   Each of these sampling locations has an autosampler programmed to 
collect three discrete grab samples per day.   This dataset is supplemented by 
the collection of one QC grab sample per week at each autosampler.   Results of 
the QC sample are then compared to the autosampler results to determine if 
these results match.   High autosampler results that do not agree with low QC 
grab sample results are considered suspect if the autosampler results are not 
comparable with up or downstream autosampler results.

A summary of this data is found in Table A1, as well as Figures A2, A3 and A4.    
Figure A2 shows the average daily TP concentration at these four monitoring 
sites.  From this figure, it is evident that high TP concentrations were measured 
at S332D and S332 during late December 01 through early January of 02.  A 
review of the QC grab samples taken at these two stations did not support the 
results from these two autosamplers.  Neither were they supported by the 
autosampler results for this period at L31WTS or S332DW which lie between the 
S332D and S332 sites.  For this reason,  portions of the monthly record were 
omitted from the calculation of monthly TP averages.  In Table A1, average 
monthly TP concentrations have not been calculated for S332D for January 02 or 
at S332 for December 01.

In Table A1, the monthly average and the flow-weighted monthly average TP 
concentrations for S332D are below 10 ppb for all of the months except for 
May02 and June02.   The monthly average TP concentration at S332 is below 10 
ppb for all months except Feb 01, May 02, and June 02.  Figure A3 shows 
average discharge at S332D plotted against the average monthly TP 



concentrations at S332D, S332DW, L31WTS, and S332.    Figure A4 shows 
average rainfall at S332 plotted against the average monthly TP concentrations 
at S332D, S332DW, L31WTS, and S332. Although the period of record covers 
only 18 months, some preliminary observations can be made.  From these 
figures it appears that during periods of high rainfall and discharge at S332D 
experience lower average TP concentrations than periods of low rainfall and low 
discharge at S332.  These figures also show that during the low flow periods, 
average concentrations at S332 tend to exceed the average monthly TP 
concentrations at S332D.   However, during the wet season, it appears that 
S332D average TP concentrations exceed S332 average concentrations.    The 
highest monthly average TP concentrations occurred at the start of the rainy 
season  (May02 – June02).   This same spike also occurred at S332B and S331.

Table A2 shows that the average TP concentration at S332D and S332 appear to 
be inversely related to the magnitude of the discharge at S332D.    For periods in 
which discharge at S332D is less than 100 cfs, the average TP concentration at 
S332D is 9 ppb, whereas the average TP concentration at S332D is 6 ppb for 
periods when S332D discharge exceeded 500 cfs.    A similar trend can be seen 
for TP at S332. 

There have been various sampling regimes used to collect TP data at S332D 
over its three-year operating period.    The SFWMD collects biweekly grab 
samples at S-332D.  The WMD also operates an autosampler that collects 
weekly composite samples (S332DAS). The USACE collects three samples per 
day via autosampler as well as one QC manual grab sample per week at S332D.
The SFWMD currently uses their S332D manual grab sampling results to 
perform the Settlement Agreement calculations for Taylor Slough Flow-Weighted 
Average TP concentrations.    Although each of these datasets is collected using 
a different frequency and sampling methodology, they should provide fairly 
consistent results since they are sampled at roughly the same time and analyzed 
using the same laboratory techniques.

Figure A5 shows a comparison between the SFWMD TP datasets ( S332D and 
S332DAS) and the USACE S332D autosampler dataset for the period February 
01 through August 02.     It appears from Figure A5, that there are periods in 
which the results from both the SFWMD’s and the USACEs autosampler are not 
representative of the other datasets.    (The S332DAS Autosampler results for 
February 01, September 01, and October 01 do not appear to compare favorably 
with the SFWMD manual grab results or the USACEs autosampler results.   The 
USACE Autosampler results at S332D do not match the other records for the late 
December 01 to early January 02 period as well as the May 02 period. )    From 
the data shown in Figure A5, it is apparent that consistently high autosampler 
results that are not confirmed by discrete manual grab sampling, should probably 
be considered suspect and not included in an assessment of compliance with 
water quality standards.  

The S332D detention cells and flow-way lie more than 1000 feet closer to C-111 
canal than the L-31W canal.  One would expect that pumping water into the 



S332D detention/flow-way system rather than the L-31W canal would increase 
leakage to the C-111 canal south of S-176.  Table A3 is a comparison of the net 
recharge contribution for the reach of C-111 between S-176 and S-18C during 
selected 2-month periods over the preceding four years. It shows that during 
the first two months of operating the S332D detention/flow-way system, the 
average net recharge to the reach of C-111 above S-18C was in excess of 900 
cfs.   Although this is a limited dataset, it shows that the average net recharge 
during July and August to the C-111 reach above S18C is much higher this year 
than during the last four years when water was sent down L-31W rather than the 
detention/flow-way.    A result of this increased leakage to C-111 is that less of 
the TP load delivered at S332D arrives at the headwaters of Taylor Slough.  This 
redirected load may be assimilated as it travels via groundwater to the C-111 
canal or it may find its way to S-18C and points southeast. 

3.0 Analysis of S332B TP Data 

Figure A6 shows the TP concentration data collected by the USACE S332B 
autosampler.   Figure A7 shows the monthly average TP concentration and the 
flow-weighted average TP concentration calculated using the USACE dataset 
and SFWMD flow data (DBHDRO as of Oct 22, 02).   Average monthly TP 
concentrations at S332B for the period of record show that only during May02 did 
the average exceed 10 ppb.    The average flow-weighted TP concentration for 
S332B only exceeded 8 ppb during November 01.  The remaining flow-weighted 
average concentrations for the period of record are typically less than 6ppb.
Given the relatively small flows and low flow-weighted TP concentrations at 
S332B, the TP load at this structure represents a relatively minor fraction of the 
total load delivered to Taylor Slough via S332D and S18C.

It is interesting to note that the high TP average for May02 is also present at the 
S-331 and the S-332D structures.   From Figure A9, it can be seen that the flow 
at S173/S331 during May02 was not substantial which may indicate that the high 
TP loads for this period were internal to the L31N/C111 basin and not caused by 
water imported to the basin from north of S-331. 

4.0 Analysis of S332C TP Data 

Figure A8 shows TP concentrations taken by the S332C autosampler on a 3-
times per day basis.  Although this graph shows several measurements that 
exceed 20 ppb, the average for the measurement period is 7 ppb.



CONCLUSIONS 

1. TP concentrations at S332D and S332 appear to be inversely related to 
rainfall and discharges at S332D. 

2. TP concentrations at S332 have exceeded concentrations at S332D 
during dry periods prior to the operation of the S332D detention flow-way. 

3. Compliance calculations for TP can  be significantly influenced by the 
frequency of sampling as well as the method of collecting the sample. 

4. Average concentrations TP delivered at S332B are typically around 6 ppb 
and total loads are small relative to S332D and S18C loads delivered to 
Taylor Slough. 

5. High TP concentrations measured at S331, S332B, and S332D during 
May 02 appear to be generated within the basin since recorded flows at 
S173/331 are limited during this period. 

6. TP concentrations at S332C have averaged around 7 ppb and are not 
excessive relative to Settlement Agreement standards or ENP 
background.



Table A1.  Summary of S-332D, L-31W, S-332 Total Phosphorus data for Period of Record 
(February 01 through August 02, U)  USACE Data 

S332D S332D S332DW L31WTS S332 S332 S332D/S174
Average Flw-Wghted Average Average Average Average Daily Avg. 
Monthly Average Monthly Monthly Monthly Monthly Flow

TP Conc. TP Conc. TP Conc. TP Conc. TP Conc. Rainfall by month 
DATE (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (inches) (cfs) 
FEB 01 0.007  - 0.007 0.006 0.011 0 22
MAR 01 0.008 0.010 0.005 0.005 0.008 2.69 2
APR01 - - - - - 4.31 1
MAY01 0.009 0.006 0.006 0.004 0.005 5.38 1
JUN01 0.007 0.006 0.005 0.007 0.006 5.08 12
JLY01 0.004 0.004 0.004 0.006 0.004 5.81 222
AUG01 0.005 0.005 0.004 0.006 0.006 10.08 276
SEP01 0.005 0.005 0.004 0.007 0.005 12.72 422
OCT01 0.006 0.007 0.004 0.004 0.004 6.84 524
NOV01 0.008 0.008 0.005 0.005 0.004 0.95 443
DEC01 0.008 0.007 0.005 0.006  0.76 315
JANO2 - - 0.004 0.006 0.007 1.33 167
FEB02 0.005 0.005 0.006 0.007 0.009 2.47 55
MAR02 0.005 0.005 0.007 0.007 0.008 0.5 80
APR02 0.009 0.009 0.008 0.008 0.009 0.93 87
MAY02 0.015 0.016 0.012 0.011 0.011 7.41 72
JUN02 0.012 0.014 0.009 0.009 0.010 11.04 28
JUL02 0.008 0.009 0.006 0.006 0.008 7.39 425
AUG02 0.007 0.006 0.007 0.005 0.006 5.07 334
SEP02 0.009
* Note:  At S332, the results of TP samples collected by the autosampler during the period 
December 19, 01 through December 31st, were considered suspect because the manual grab QC 
 samples do not track the results obtained by this autosampler for this period.  An average TP at  
S332 for this month has not been estimated because of the lack of good data. 

**Note:  At S332D, the results of TP samples collected by the autosampler during the  
period from Dec 28, 01 through  January 15th are not included in average calculations  
because the manual grab QC samples do not track the results obtained by the autosampler 
for this period.  Using the S332DAS autosampler data collected by SFWMD, the  average TP 
concentration for Jan02 at S332D is estimated to be around 0.010 mg/l. 

Table A2.   TP Averages at S-332D and S-332 for Different flow Conditions at S-
332D (Analyzed for period Aug01 through Aug02) USACE datasets. 

Avg. TP Conc. Avg. TP Conc. Avg. TP Conc. 
for flows  for flows  for flows  
< 100 cfs  > 300 cfs  > 500 cfs 

S-332D 0.009 0.008 0.006
S-332 0.008 0.006 0.005



Table  A3 Average Net flows in S176 to S18C Reach of C-111 ( CFS) for four 
periods. 

Jul99-Aug00 Jul00-Aug00 Jul01-Aug01 Jul02-Aug02 

S-18C minus S176 Flows 311 332 636 961
S-332D Avg Flows 142 325 249 379

Table A4.  Summary of TP Concentrations at S-332B for USACE period of record 
(Feb 15, 01 through September 02) 

Flow-Weighted 
Average Average
Monthly Monthly

DATE TP Conc. TP Conc. 
(mg/l) (mg/l)

FEB01 0.007 -
MAR01 0.008 -
APR01 0.008 -
MAY01 0.007 -
JUNO1 0.006 -
JUL01 0.005 0.006
AUG01 0.005 0.005
SEP01 0.005 0.005
OCT01 0.006 0.006
NOV01 0.006 0.009
DEC01 0.006 0.006
JAN02 0.005 0.005
FEB02 0.005 0.005
MAR02 0.006 0.006
APR02 0.006 0.006
MAY02 0.012 0.006
JUN02 0.008 0.007
JUL02 0.005 0.005
AUG02 0.007 0.007
SEP02 0.006
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S-332D Detention Area Pre-operations and Start-up
Phase Monitoring Data Review (Contract DACW17-
01-D-0009, Delivery Order No. 4)
PREPARED FOR: U.S. Army Corps of Engineers - Jacksonville District
PREPARED BY: CH2M HILL
DATE: October 3, 2002

1.0  Introduction
1.1  Background
The Jacksonville District, U.S. Army Corps of Engineers (USACE) implemented elements of
the C-111 and Modified Water Deliveries (Mod Waters) Projects during the first half of 2002.
One specific element designed and constructed by the USACE during this period was the
S-332D Detention Area, an 810-acre impoundment designed to receive excess surface waters
diverted from the L-31N Canal by the S-332D Pump Station. This detention area consists of
two cells, each approximately 400 acres in size, with the two cells configured to flow in
series. Downstream of the overflow weir from Cell 2, an additional flow way of several
hundred acres has been constructed to convey planned overflows to the southwest into
Taylor Slough. The project design and operational permit of the S-332D Detention Area
allows for operation of this detention area in a flow-through mode to the flow way.

At the time of development of the pre-operations and start-up monitoring plan, most of the
concerns raised associated with system start-up were focused on the potential for high rates
of impounded surface water infiltration and subsequent lateral subsurface transport of
pollutants into Everglades National Park (ENP). In that the anticipated operations included
a high head cell immediately upstream of Cell 1, and the highest impounded water levels
also were to be associated with Cell 1, the monitoring focus for this particular contractual
effort was placed on this initial detention area cell.

Monitoring stations, including new groundwater monitoring wells, were established during
the first half of June 2002. Inflows to the S-332D Detention Area were initiated on or about
June 22, 2002, approximately a week earlier than originally expected in response to very
heavy rainfall that occurred in June. Samples collected the week of June 17 were represen-
tative of conditions immediately prior to the start of operation of the S-332D Detention Area
and are identified as “Pre-Operations” data. Data collected after June 22, 2002, through the
end of July 2002 are identified as “Start-up” data. These data designations are applied
throughout this technical memorandum and the enclosed exhibits.

This technical memorandum is the third and final deliverable specified under Task 4.6 of
this delivery order, and presents a brief review of the data specifically with respect to identi-
fying possible indications of immediate effects of water impoundment in Cell 1 of this
detention area on adjacent groundwater, surface water, and ecological systems.
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1.2  Pre-operations and Start-up Monitoring Rationale and Objectives
During the course of discussions during the first quarter of 2002 between the USACE, the
Scientific Advisory Group involved with a related project within the study area (the
PSTA/SAV type STA pilot project), representatives of the associated Independent Technical
Review group, and the consulting team, consensus was reached that the key concern that
was to be addressed by the pre-operations and start-up monitoring was whether the im-
pounded water in the detention area would be prone to rapid infiltration causing significant
subsurface lateral movement into ENP. While a primary objective of the C-111 Project/Mod
Waters detention area system along the eastern boundary of ENP was to create a ground-
water mound that could help reduce ENP seepage losses to L-31N and C-111, the specific
issue raised centered around the need to characterize the water quality within the basin and
whether this potential subsurface conveyance would cause sufficient inadvertent pollutant
delivery into the park to cause unacceptable water quality and biological effects.

The design of the pre-operations and start-up monitoring program reflects the above focus.
Heavy emphasis was placed on understanding the nature and extent of groundwater
movement through the shallow (approximately 0-20 feet below land surface (bls) and
slightly deeper (approximately 20-40 feet bls) aquifer zones at or near the perimeter of
Cell 1, the initial 410-acre cell of the detention area. Two well clusters (screens at approxi-
mately 20 and 40 feet bls) were installed on the east and west sides of Cell 1, and also just
south of the eastern end of Cell 2 with the intent of documenting groundwater quality in
these depth zones over a period bracketing the initial filling of the detention area. Addi-
tional 20-foot deep wells were installed in two transects oriented perpendicular to the Cell 1
western boundary levee and into ENP. Three shallow wells were installed along each of
these transects to provide a means of monitoring for any gradient-based evidence of
changes to groundwater that might be caused by detention area operations. A control well
site located northwest of the detention area was installed to serve as a spatial control
(reference station).

Surface waters were monitored for two reasons. Inflow and outflow records were to provide
a surface water quality profile for physical parameters, nutrients, ions, metals, and organic
pesticides as well as allow an initial assessment of the effects of surface water detention on
the quality of waters detained prior to subsequent release to ENP at the south end of the
detention area system. Water samples from L-31W were monitored to document existing
water quality immediately preceding the initial filling of the impoundment, and any
changes that might occur due to shallow, lateral seepage through or under the detention
area levees (north and western boundaries of Cell 1). Lastly, the program included collection
of surface waters from near the seven groundwater monitoring locations in ENP with the
objective of investigating any potential immediate response to the hypothesized lateral
groundwater movements from under the detention area.

Biological investigations were performed during this initial monitoring period to establish
wetland community characteristics as a temporal control. These investigations were based
on the presumption that some form of biological monitoring program would be conducted
in the future to detect gradual changes in wetland characteristics that could potentially
occur if groundwater and overlying surface water quality were measurably affected by the
hypothesized groundwater inflows.



S-332D DETENTION AREA PRE-OPERATIONS AND START-UP PHASE MONITORING DATA REVIEW (CONTRACT DACW17-01-D-0009, DELIVERY ORDER NO. 4)

DFB31003697513.DOC/022760012 3

In the aggregate, the surface water, groundwater, and ecological monitoring efforts con-
ducted on behalf of the USACE address the short-term conditions immediately before and
after the initial operations of the S-332D Detention Area. Station coverage, parameters
analyzed, and frequency of monitoring was tailored to this short-term assessment to achieve
the specific monitoring objectives outlined above. Long-term monitoring program design is
underway which is expected to vary substantially from this short-term assessment‘s scope
as the monitoring objectives shift to documenting any potential long-term, adverse effects of
system operations. It should be understood that the current data review was not designed to
address long-term water quality compliance or potential water quality enhancement bene-
fits of detention area system operations that may occur.

2.0  Overview of Monitoring Scope
2.1  Monitoring Stations
As described above, the focus of the June and July 2002 field investigations in and around
the S-332D Detention Area was to document whether placing the system on line had a
measurable impact on groundwater, surface water, or ecological resources associated with
Cell 1 of the detention area. Accordingly, the sampling stations were positioned as follows:

• Groundwater:  Five two-well clusters (approximately 20 and 40 feet deep below land
surface) associated with the “periphery” of the detention area, plus seven shallow wells
located in ENP immediately west of the detention area, Cell 1. Wells along Transect A
are located in the northern half of Cell 1 oriented east to west. Wells along Transect B are
located in the southern half of Cell 1 also oriented east to west. Four of the shallow wells
plus two additional wells located within Cell 1 were instrumented to allow continuous
records of water level and selected water quality parameters.

• Surface Water:  Three stations within L-31W, plus surface waters from the locations of
the seven well sites in ENP (if surface waters were present and sample-able). Addition-
ally, following system start-up, inflow and outflow samples from the detention area
were collected and analyzed.

• Ecological:  Seven stations co-located with the seven well sites in ENP, plus a series of
locations within the remnant wetlands remaining within the detention area itself.

The approximate locations of these stations are depicted in Exhibit 1A. Northing and
Easting coordinates (GPS data) for all of the stations reflected in Exhibit 1A are summarized
in Exhibit 1B.

Surface water sampling locations depicted on Exhibit 1A are identified in the format
SW-00XX and monitoring wells are identified as MW-00XX. Exhibit 2 presents information
regarding the depth and location of each well. Monitor wells MW-0011 and MW-0012 were
installed earlier this year as part of a different hydrogeologic investigation; length of the
screened interval differs from the wells installed in June per the request of the South Florida
Water Management District (SFWMD) that the S-332D monitor wells be screened over a
shorter interval. It should be noted that the top of each well casing is approximately 3 to
4 feet above land surface.
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EXHIBIT 1B
List of Pre-operations and Start-up Monitoring Stations and Locations (Coordinates)

Station Description
Northing

(ft)
Easting

(ft)

Inflow and Outflow Stations
CP02 PSTAT IF-0001/0002 Head cell overflow to Cell 1 (AM and PM samples) 417506.96 797868.59
CP02 PSTAT OF-0001/0002 Overflows out of Cell 2 (AM and PM samples) 407689.64 794358.95
CP02 PSTAT OF-0003/0004 Overflows out of Cell 1 (AM and PM samples) 410334.05 797778.22

Surface Water Quality Monitoring Stations
CP02 PSTAT SW-0001 In L-31W just downstream of S-332D; north of high

head cell
418206.29 799484.95

CP02 PSTAT SW-0002 In L-31W at Well Transect A 416479.80 796599.98
CP02 PSTAT SW-0003 In L-31W at Well Transect B 413076.92 796629.03
CP02 PSTAT SW-0004 Near ENP Well MW-0029 on Transect A 416485.23 795500.31
CP02 PSTAT SW-0005 Near ENP Well MW-0030 on Transect A 416493.05 796055.61
CP02 PSTAT SW-0006 Near ENP Well MW-0031 on Transect A 416470.34 796534.03
CP02 PSTAT SW-0007 Near ENP Well MW-0032 on Transect B 413038.73 795538.73
CP02 PSTAT SW-0008 Near ENP Well MW-0033 on Transect B 413052.70 796121.55
CP02 PSTAT SW-0009 Near ENP Well MW-0034 on Transect B 413048.03 796555.96
CP02 PSTAT SW-0010 Near ENP Well MW-0028 (Reference station NW of

high head cell)
418782.54 795998.84

Groundwater Monitoring Wells (see note)
CP02 PSTAT MW-0003 20-foot Well at Northeast Corner of Cell 1

(instrumented)
417486.77 798588.97

CP02 PSTAT MW-0011 20-foot Well on Transect A East of Cell 1 416536.92 799575.13
CP02 PSTAT MW-0012 40-foot Well on Transect A East of Cell 1 416536.82 799580.76
CP02 PSTAT MW-0019 20-foot Well on Transect B East of Cell 1 413048.28 800271.73
CP02 PSTAT MW-0020 40-foot Well on Transect B East of Cell 1 413043.48 800271.99
CP02 PSTAT MW-0021 20-foot Well Southeast of Cell 2 407740.05 797148.61
CP02 PSTAT MW-0022 40-foot Well Southeast of Cell 2 407740.05 797154.61
CP02 PSTAT MW-0023 20-foot Well at Levee on Transect A 416450.17 796668.31
CP02 PSTAT MW-0024 40-foot Well at Levee on Transect A 416444.79 796663.29
CP02 PSTAT MW-0026 20-foot Well at Levee on Transect B 413026.00 796702.24
CP02 PSTAT MW-0027 40-foot Well at Levee on Transect B 413020.86 796702.08
CP02 PSTAT MW-0028 20-foot ENP Reference Well NW of high head cell

(also instrumented)
418760.89 796016.00

CP02 PSTAT MW-0029 20-foot ENP Well Transect A - West (also
instrumented)

416497.50 795534.89

CP02 PSTAT MW-0030 20-foot ENP Well Transect A - Middle (also
instrumented)

416516.08 796075.17

CP02 PSTAT MW-0031 20-foot ENP Well Transect A - East (on L-31W) (also
instrumented)

416478.52 796541.98

CP02 PSTAT MW-0032 20-foot ENP Well Transect B - West 413034.77 795599.92
CP02 PSTAT MW-0033 20-foot ENP Well Transect B - Middle 413069.93 796130.20
CP02 PSTAT MW-0034 20-foot ENP Well Transect B - East (on L-31W) 413080.42 796577.80
CP02 PSTAT MW-0039 Mid Depth Well on Transect A (installed for pump test

- instrumented)
416459.92 797785.88

CP02 PSTAT MW-0040 Deeper Well on Transect A (installed for pump test -
only sampled for Hg)

416454.79 797786.38
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EXHIBIT 1B
List of Pre-operations and Start-up Monitoring Stations and Locations (Coordinates)

Station Description
Northing

(ft)
Easting

(ft)

Wetland Ecological Monitoring Quadrat Sites

Sites Within ENP
CP02-PSTAT-SW-0004 ENP sawgrass marsh adjacent to SW 0004 416479.11 795513.42
CP02-PSTAT-SW-0005 ENP sawgrass marsh adjacent to SW 0005 416490.05 796074.37
CP02-PSTAT-SW-0006 ENP sawgrass marsh adjacent to SW 0006 416461.50 796540.06
CP02-PSTAT-SW-0007 ENP sawgrass marsh adjacent to SW 0007 413044.00 795578.73
CP02-PSTAT-SW-0008 ENP sawgrass marsh adjacent to SW 0008 413051.41 796123.12
CP02-PSTAT-SW-0009 ENP sawgrass marsh adjacent to SW 0009 413043.46 796558.39
CP02-PSTAT-SW-0010 ENP sawgrass marsh adjacent to SW 0010 418751.28 795997.48

Sites Within Cell 1
DA1-I Unscraped mixed emergent marsh 414155.59 798152.50
DA1-C Unscraped mixed emergent marsh 416525.10 798692.60
DA1-D Unscraped tropical hardwood hammock 416752.81 797726.24
DA1-1-IA Scraped area 414155.59 798152.50
DA1-S-L Scraped area 410735.69 797041.75
DA1-S-M Scraped area 410784.81 797250.56
DA1-040 Unscraped mixed emergent marsh 411874.51 798128.86

Sites Within Cell 2
DA2-A-Canopy Unscraped tropical hardwood hammock 409832.90 795059.48
DA2-B-Marsh Unscraped sparse graminoid marsh 410075.52 795163.19
DA2-B-E Scraped area 409142.05 796865.39
DA2-B-W Scraped area 409110.18 796370.56
DA2-C-S Scraped area 407888.92 794118.52

Site Within Cell 3 (Flow Way Near Overflow From Cell 2)
DA3-A-N Scraped area 407437.76 794136.92
Notes:
All monitoring quadrats are 1 meter x 1 meter, with rebar stakes in opposing corners.
Referenced well depths are the nominal depth below land surface.
ENP = Everglades National Park
Coordinate system is “State Plane NAD 83, Florida East”.
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EXHIBIT 2
Well Construction and Location Summary

Well
Total Depth from
Top of Casing (ft)

Length of Screened
Interval (ft) Location

MW-0011 21.75 5 Transect A, Eastern border of S-332D
Detention Area

MW-0012 43.0 5 Transect A, Eastern border of S-332D
Detention Area

MW-0019 23.29 2 Transect B, Eastern border of S-332D
Detention Area

MW-0020 43.81 2 Transect B, Eastern border of S-332D
Detention Area

MW-0021 22.03 2 Southeast of S-332D Detention Area
MW-0022 43.80 2 Southeast of S-332D Detention Area
MW-0023 24.20 2 Transect A, east of L-31W canal, west of

S-332D Detention Area
MW-0024 44.50 2 Transect A, east of L-31W canal, west of

S-332D Detention Area
MW-0026 24.2 2 Transect B, east of L-31W canal, west of

S-332D Detention Area
MW-0027 44.2 2 Transect B, east of L-31W canal, west of

S-332D Detention Area
MW-0028 20.8 2 ENP Background
MW-0029 19.2 2 ENP Transect A
MW-0030 16.25 2 ENP Transect A
MW-0031 22.34 2 ENP Transect A
MW-0032 17.40 2 ENP Transect B
MW-0033 22.40 2 ENP Transect B
MW-0034 21.73 2 ENP Transect B

Surface water sampling stations were established to coincide with the seven groundwater
monitoring wells established in ENP. The pairings of surface water sampling locations and
monitoring wells are shown in Exhibit 3.

EXHIBIT 3
Surface Water Sampling Locations and Corresponding Monitor Wells along the Western Side of
Cell 1 of the S-332D Detention Area

Surface Water Sampling Location Corresponding ENP Monitor Well

SW-0004 MW-0029

SW-0005 MW-0030

SW-0006 MW-0031

SW-0007 MW-0032

SW-0008 MW-0033

SW-0009 MW-0034

SW-0010 MW-0028
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Surface water was not present at any location within ENP during the pre-operations period.
During the start-up period, surface water was present at all sites at least once, with the
exception of  Stations SW-0004, SW-0005, and SW-0010.

Surface water samples were collected from the L-31W Canal at three locations: SW-0001
(located north of the S-332D Detention Area), SW-0002 (located in L-31W at Transect A) and
SW-0003 (located in L-31W at Transect B). Following the start-up of inflows into the deten-
tion area, inflow and outflow grab samples were collected once during the morning and
again in the afternoon. For the start-up period, the planned sampling approach was to collect
three samples per week assuming flows occurred in and out of the detention area, and the
original intent was to only monitor inflow and outflow from Cell 1. Due to field scheduling
issues and varying conditions encountered (e.g., inflows but no outflows on some days), this
rigid schedule was not met for all weeks. Further, flows through the entire 810-acre system
occurred more rapidly than expected following start-up. Ultimately, detention area inflow
and outflow sampling at the following locations was identified for the start-up period:

• High head cell overflows over the concrete weir to Cell 1

• Cell 1 overflows into Cell 2

• Discharges from Cell 2 via its overflow concrete weir to the flow way south toward the
L-31W Canal

Construction of the S-332D Detention Area was completed during the week of June 17, 2002.
The S-332D Pump Station began filling the high head cell on June 22, 2002, and water was
flowing into Cell 1 on or before June 26, 2002. Outflow from Cell 2 to the flow way occurred
on or before July 1, 2002.

2.2  Analytical Parameters
Water quality samples collected from the wells and surface water monitoring sites were
analyzed for the following parameters:

Physical Parameters
• Conductivity
• Color
• Total Suspended Solids (TSS)

Nutrients
• Total Phosphorus
• Ortho-Phosphorus
• Ammonia
• TKN
• Nitrate/Nitrite
• Total Nitrogen

Ionic Properties
• Alkalinity
• Total Dissolved Solids (TDS)
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• Sulfate
• Fluoride
• Chloride
• Calcium
• Magnesium
• Potassium
• Sodium

Metals
• Arsenic
• Cadmium
• Copper
• Iron
• Lead
• Manganese
• Zinc

Surface and groundwater samples collected from the S-332D Detention Area during the
week of June 24 and July 29 were analyzed for an additional suite of parameters—pesticide
compounds. Also during July, samples from four selected wells adjacent to or within the
S-332D Detention Area, and three wells from near the S-332C Detention Area were collected
for one iteration of analyses of total and methyl mercury using clean sampling and
analytical techniques.

2.3  Instrumented Wells
Wells MW-0003, MW-0023, MW-0028, MW-0029, MW-0031, and MW-0039 are equipped
with water level and water quality data recording instruments (YSI 600XLM Sondes). In
addition to water level records, groundwater temperature, pH, and conductivity are
recorded on a continuous basis. Because of the temporal relationship between the date of
notice to proceed and the initial dates of monitoring, instrumentation availability required
some interim actions. In situ Multi-Parameter Troll 9000 units equipped to measure water
level, groundwater temperature, pH, and conductivity were installed in five of the six wells
on a short-term, basis pending receipt of the purchased YSI units. Data gathering was
initiated in early July 2002.

2.4  Ecological Studies
The delivery order scope of services included pre-operations and start-up ecological studies
to characterize the macrophyte and periphyton community characteristics immediately
before and after the start-up of detention area operations. The pre-operation site visit
occurred during the weekend of June 22, 2002. A second visit during start-up occurred on
July 26 and 27, 2002. These studies included reconnaissance level documentation of the
conditions of the remnant wetlands and tree islands within the footprint of the S-332D
Detention Area, as well as the conditions found at the seven ENP monitoring locations
detailed above. The herbaceous and forest community composition was characterized in a
total of 20 one-meter square quadrats by estimating percent cover by species and taking
photographs of the ground cover.  Periphyton samples of representative soil or shallow
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water habitats at each monitoring station were collected from each quadrat and were ana-
lyzed for algal species composition and relative abundance. Field survey methods are
further detailed in the materials presented in Appendix D.

3.0  Analytical Results and Associated Data
Comprehensive tabular summaries of surface water and groundwater analytical results are
presented in Appendix A. Supplemental tables prepared by sorting these data records to
address selected comparisons of relevance are presented in Appendix B. Graphical sum-
maries of the time series data drawn from the instrumented wells are presented in
Appendix C. Data summaries and comments regarding the ecological conditions docu-
mented for the pre-operations condition are enclosed as Appendix D. A table summarizing
groundwater monitor well construction details is included as Appendix E.

A bound notebook of certified laboratory reports is being provided to the USACE and the
SFWMD as Appendix F. A CD-based version of Appendix F is bound into this document to
facilitate raw data review by other interested parties should that need arise.

4.0  Evaluation of Short-Term Detention Area Effects
On the basis of modeling analyses by the USACE, it is anticipated that impoundment of
water within the S-332D and other C-111/Mod Waters detention areas will accomplish the
objective of reducing ENP seepage losses to the South Dade Conveyance System. Prelimi-
nary modeling analyses of anticipated conditions at the S-332C Detention Area projected
that “negative drawdown” (mounding) effects could be anticipated several thousands of
feet into the park, although the expected increases in wetland water levels was relatively
small (less than a few inches with maximal stages in the detention area). For the S-332D
Detention Area, where maximal water stages will be substantially less than those possible at
the S-332C Detention Area, the zone of potential stage influence on the immediately ad-
jacent portions of ENP is expected to be narrower.

There are indications from the USACE’s preliminary modeling conducted for the S-332B
Detention Area that water percolating into the Biscayne Aquifer should have a relatively
short residence time in the park due to “recycle effects” of system seepage back to the east.
In fact, for the S-332B and S-332C Detention Areas, it was estimated that 65 to 70% of the
infiltrated surface water will return to the canal system to the east at least until the full sys-
tem is completed. Assuming these projections of continued net groundwater transport to
the east are ultimately confirmed, concerns about inadvertent pollutant transport from the
detention areas to the park may be focused primarily on the areas immediately adjacent to
the detention areas, with the exception of course of direct surface water inflows that are
expected to occur at the downstream end of the S-332D impoundment system.

4.1  Physical Parameters Logged at Selected Shallow Wells
Six of the shallow monitoring wells within the study area were instrumented to provide
detailed time series records of groundwater elevation, temperature, pH, and conductivity.
Two of these monitoring locations were positioned within Cell 1 (MW-0003 and MW-0039)
while the other four were the three ENP monitoring wells on Transect A (MW-0029,
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MW-0030, and MW-0031) and the reference ENP well (MW-0028). Appendix C contains
graphical summaries of these data at all six wells along with corresponding information
regarding daily rainfall, stage records for the L-31N, L-31W, and C-111 Canals, and water
elevations in the high head cell.

These records document the following conditions:

• The high head cell was connected to the S-332D pump station and initially filled on or
about June 22, 2002.

• During the study period addressed by this technical memorandum, S-332D pumping
activity was intermittent and varied in flow rates (number of pumps running) through
the second week of July. Following that time, however, operations were increased and
estimated inflow rates exceeded 400 cfs for most of the remainder of the start-up period.

• Very heavy rainfall occurred in June and early July. Rainfall amounts caused a regional
increase in surface water levels as evidenced by the gradual rise in L-31W stages. Water
elevations in L-31W during the month of July ranged from 5.5 to 6.1 feet NGVD. Stages in
the high head cell averaged just over 8 feet NGVD so the head differential between the
high head cell and the L-31W leg along the northern side of the detention area was
approximately 2 to 2.5 feet. However, water elevations within Cell 1 were substantively
lower ranging from approximately 5.5 to 6.5 feet NGVD. These records imply that very
little head differential existed between Cell 1 and the adjacent surface waters in ENP for
this period of study. However, corresponding water elevations in C-111 (tailwater of
S-176) ranged between 3.5 and 4.3 feet NGVD indicating a fairly steep head differential
between the eastern levee of Cell 1 and the canal system to the east. Thus, it is intuitive
that most of the Cell 1 seepage/infiltration likely moved to the east rather than into ENP.

• Groundwater elevations documented in the monitoring wells closely tracked stages in
L-31W, and no localized differences attributable to detention area operations were
evident. The reference well (MW-0028) exhibited the identical variations as observed for
the other monitoring wells. The stage recorder for MW-0023 appears to have lost calibra-
tion early in August. More frequent downloading and calibration is recommended.

• Temperature, pH, and conductivity records for the reference well and the two ENP
wells on Transect A indicate stable levels that did not vary measurably over this period
of study. While pH and conductivity data at the other wells were also reasonably stable,
temperature at the west levee site (MW-0023), and at the two wells within Cell 1 showed
a clear increase during July. It appears that the impounded water, heated by solar radia-
tion, affected the shallow aquifer because of the anticipated seepage effects. Therefore, it
may be appropriate to closely monitor groundwater temperatures along the Transect A
wells in the future to see if this parameter provides any indication of seepage effects on
the adjacent areas within ENP.

Although continuation of this interim detailed water quality sampling is pending comple-
tion of the necessary contractual modifications, the well instrumentation data logging
continues, and periodic downloads and re-calibration of these six continuous monitoring
recorders has occurred since the end of the start-up monitoring activities as documented by
the plots provided in Appendix C. Future data evaluations can retrieve some indications of
continued changes in study area conditions that may occur prior to the resumption of the
detailed interim monitoring and the transition to the long-term monitoring program.
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4.2  Organic Pesticides and Metals
In spite of the above projections, and as detailed in previous sections of this technical
memorandum, this investigation included analysis of both surface and groundwater quality
around Cell 1 in order to search for any indications of short-term effects of placing the
S-332D Detention Area into an operational mode. The detailed summaries of the analytical
data presented in Appendix A show that organic pesticides were not detected above the
FDEP laboratory’s PQLs in the surface water or groundwater samples collected during this
study period. Similarly, all surface and groundwater samples reflected concentrations of
arsenic, cadmium, copper, lead, and zinc that were below the method detection limits. Iron
values in surface waters ranged from < 0.05 to 1.2 mg/L, and the range of groundwater
sample concentrations was only slightly higher (0.17 to 2 mg/L). Similarly, while detectable
concentrations of manganese were intermittently found, the surface water and groundwater
values reflected essentially identical ranges (all values ranged between the method detection
limit and 0.031 mg/L). Thus, in terms of both the organic pesticides and the metals ana-
lyzed, there were no indications of any short term effects of the S-332D Detention Area on
surrounding groundwater or surface water quality.

4.3  Selected Indicator Parameters
Various ionic parameters were analyzed in both surface and groundwater samples to
identify conservative constituents that might be used to differentiate these water types. In
concept, evidence of surface water infiltration effects on adjacent groundwater might be
documented over time by tracking changes in the groundwater concentrations of these
conservative constituents. Screening of the results detailed in Appendix A for the para-
meters documenting ionic properties suggested that a subset of those parameters reflected
surface and groundwater differences in at least some of the results. These included:

• Conductivity
• Chloride
• Magnesium
• Sodium
• Potassium
• Total dissolved solids, and
• pH

Additionally, total phosphorus concentration data were evaluated in light of the importance
of this parameter in terms of Everglades Restoration concepts.

4.3.1  Inflows vs. Shallow and Deeper Wells
Exhibits 4 through 8 provide graphical comparisons of the conservative constituent surface
water concentrations in the detention area inflow with those found in the shallow and
deeper wells located at representative locations along the perimeter of the detention area.
Specifically, the following comparisons are provided:

• Inflow vs. Shallow and Deeper Wells 23 and 24 (Cell 1 west levee at Transect A)
• Inflow vs. Shallow and Deeper Wells 26 and 27 (Cell 1 west levee at Transect B)
• Inflow vs. Shallow and Deeper Wells 11 and 12 (Cell 1 - east side, Transect A)
• Inflow vs. Shallow and Deeper Wells 19 and 20 (Cell 1 - east side, Transect B)
• Inflow vs. Shallow and Deeper Wells 21 and 22 (Southeastern margin of Cell 2)



EXHIBIT 4
Comparison of Selected Inflow Water Quality Concentrations With Shallow and Deeper Groundwater Wells MW-23 and MW-0024
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EXHIBIT 5
Comparison of Selected Inflow Water Quality Concentrations With Shallow and Deeper Groundwater Wells MW-26 and MW-0027
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EXHIBIT 6
Comparison of Selected Inflow Water Quality Concentrations With Shallow and Deeper Groundwater Wells MW-11 and MW-0012
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EXHIBIT 7
Comparison of Selected Inflow Water Quality Concentrations With Shallow and Deeper Groundwater Wells MW-19 and MW-0020
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EXHIBIT 8
Comparison of Selected Inflow Water Quality Concentrations With Shallow and Deeper Groundwater Wells MW-21 and MW-0022
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Exhibit 9 summarizes the key queries posed, and the associated indications of data
relationships reflecting possible surface water influence on underlying groundwater quality.

EXHIBIT 9
Review of Selected Conservative Water Quality Parameter Relationships Between S-332D Detention Area Inflows and Paired
Shallow and Deeper Wells

Query

Exhibit 4.
Inflows vs.
Wells 23
and 24

Exhibit 5.
Inflows vs.
Wells 26
and 27

Exhibit 6.
Inflows vs.
Wells 11
and 12

Exhibit 7.
Inflows vs.
Wells 19
and 20

Exhibit 8.
Inflows vs.
Wells 21
and 22

What parameters are substantively
higher or lower in the inflows than
the groundwater?

Sodium,
Potassium

Chloride,
Magnesium,

Sodium,
Potassium,

TDS

Magnesium,
Potassium,

TDS

Chloride,
Magnesium,

Sodium,
Potassium,

TDS

Chloride,
Magnesium,

Sodium,
Potassium,

TDS

Is there any increasing or decreasing
trend for any of these parameters in
the inflow values during this study
period?

No No No No No

Is there any indication of surface and
groundwater quality convergence
reflected for any of these parameters
during this study period?

Sodium,
Potassium

Chloride,
Magnesium,

Sodium,
Potassium

TDS Chloride,
Sodium,

TDS

Potassium

These same exhibits also compare the weekly average inflow total phosphorus concentra-
tions with the corresponding weekly data values for the shallow and deeper wells. For this
period of record, the detention area inflow concentrations were quite low, with all values
lower than 11 parts per billion (ppb). In contrast, all of the deeper wells (approximately
40 feet below land surface) exhibited substantively higher total phosphorus concentrations,
ranging from roughly 20 ppb up to just over 60 ppb. These elevated concentrations in the
groundwater were comparable to the phosphorus concentrations documented in this
general vicinity of the Frog Pond by field investigations conducted in February 2002 well in
advance of detention area construction or operations (CH2M HILL, 2002). In that the inflow
concentrations were all very low, it appears that the phosphorus concentrations detected in
the groundwater samples reflect antecedent conditions; these concentrations are not attribu-
table to detention area construction or operations. Exhibits 5, 7, and 8 provide indications
that the shallow and/or deeper groundwater concentrations of total phosphorus decreased
over time during this study period, possibly a reflection of the influence of the impound-
ment on the underlying aquifer water quality.

4.3.2  Shallow Wells along Transects A and B
Exhibits 10 and 11 graphically compare the concentrations of the same eight “indicator
parameters” in the shallow wells (nominally 20 feet deep below land surface) located along
Transects A and B, respectively. The corresponding values for the ENP reference well (MW-
0028) are also shown on both of these exhibits to facilitate evaluation of regional conditions
within the wetland habitats along this ENP boundary.

For Transect A (Exhibit 10), substantively higher concentrations of chloride, magnesium,
sodium, potassium, and TDS occur in Wells MW-0023 and MW-0031 located on either side



EXHIBIT 10
Comparison of Selected Water Quality Concentrations in Shallow Groundwater Wells, Transect A West of Cell 1
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EXHIBIT 11
Comparison of Selected Water Quality Concentrations in Shallow Groundwater Wells, Transect B West of Cell 1
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of the L-31W Canal. Comparable levels of these parameters were also seen in both the
L-31W surface water samples and the detention area inflows making it impossible to be sure
whether the higher concentrations in these two wells reflect detention area seepage influ-
ence or merely residual surface water quality established due to prior months of direct S-
332D pumpage into the L-31W Canal prior to detention area construction. Seepage influence
is suggested by the corresponding weekly values for these two wells, which suggest that
concentrations of several of these parameters at MW-0031 increased during this period of
record. It would appear that during this period of study, the data from the second well on
this transect (MW-0030) do not indicate a short term effect. Future monitoring should reflect
change if the detention area’s influence ultimately extends past this monitoring location.

A very similar pattern is reflected by the Transect B data presented in Exhibit 11. Wells MW-
0026 and MW-0034 are analogous to the west levee and eastern-most ENP wells on Transect
A. These wells again showed the highest average values for most of these parameters
during the study period. Well MW-0034 located on the west side of L-31W showed a fairly
clear increase in concentrations of these parameters over time resulting in convergence in
concentrations by the end of the month of start-up monitoring. This pattern is particularly
evident for chloride, magnesium, sodium, and potassium, with a more subtle indication
seen for TDS. Interestingly, this temporal change is also reflected for the other two ENP
wells on Transect B (see the data for chloride, magnesium, and sodium for Wells MW-0033
and MW-0032). If these patterns continue, future monitoring records would be expected to
show a continued rise in these parameters over time until the concentrations in these wells
match up with those found at the shallow wells located along the west levee of Cell 1.

4.4  Indications of Detention Area Effects on Surface Water Quality
During this initial monitoring period, detention area inflows and outflows were monitored
at least once and generally two days per week at the high head cell overflow into Cell 1, and
at the Cell 2 overflow into the flow way. Additionally, for the last several weeks, supple-
mental samples were also collected at the earthen berm separating Cells 1 and 2 to provide
information regarding conditions at this internal monitoring point. The inflow and outflow
samples were analyzed for all of the same parameters  as the other water quality monitoring
stations. However, the key focus of this evaluation was placed solely on total phosphorus.

Exhibit 12 summarizes the inflow and outflow data for this study period. As implied by the
weekly averaged values shown in the prior exhibits, the inflow concentrations typically
ranged between 5 and 10 ppb of total phosphorus with only 2 of the 15 values ranging
between 12 and 15 ppb. Of the 13 sampling dates where both inflows and outflows (at
Cell 2) were monitored, the concentrations of outflows to the flow way area exceeded the
inflows on 9 occasions indicating that phosphorus was being mobilized out of the detention
area presumably due to the immediate efflux occurring following the flooding of the resi-
dual wetlands and newly scraped Frog Pond surface. As might be expected, phosphorus
treatment was not occurring during this start up period of operations. During this period,
substantive periphyton growth was observed and presumably SAV and other macrophyte
growth was also occurring. Future monitoring activities will reflect whether water quality
enhancement functions improve over time as the detention area’s biological systems become
established.
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4.5  Ecological Perspectives
A detailed discussion of the ecological reconnaissance surveys conducted in June and July
2002 is presented in Appendix D. The primary goal of these surveys was to document the
existing ecological and vegetative community conditions prior to and during the initial
inundation of the detention area habitats. The biological profile of conditions both within
the detention area and at the seven ENP monitoring locations was viewed as important data
to be collected during this period that could potentially serve as a form of temporal control
against which future biological survey data may be compared in support of assessment of
the long term effects of detention area operations. As mentioned previously, the long-term
monitoring program design is underway and will consider the data collected from these
stations in the interim, as well as other ongoing ecological monitoring efforts in determina-
tion of the appropriate ecological monitoring for the long-term monitoring program.

The wetlands of the eastern Everglades peripheral to the detention area consist sawgrass
and native marsh grasses growing on natural limestone rock and marl soils. Although much
of the detention area soils were scraped away by design, tree islands and much of their peri-
pheral shallow and deep emergent marsh communities were preserved during construction.
These wetlands and tree islands will maintain a diverse native flora and wildlife habitat
within the detention area.

Although the macrophyte community and periphyton evaluations were primarily focused
on setting a time based point of reference for future studies, it is instructive to note that the
two surveys bracketed the period of initial detention area start up operations. Some subtle
differences in the algal communities were documented by the periphyton taxonomic ana-
lyses performed. Specifically, the initial survey of stations within the detention area in June
occurred essentially at the time of initial diversions of stormwater into Cell 1. Algal com-
munity composition was strongly dominated by a number of calcareous blue-green algae
genera, including Scytonema, Schizothrix, Phormidium, and Planktolyngbya. Approximately a
month following detention area inundation, these genera were still present but there also
was a marked relative abundance of additional algal forms including the blue-greens,
Pseudanabaena and Jaaginema, and the diatoms Brachysira vitra and Cymbella microcephala.
While these taxa are common components of natural Everglades periphyton, their occur-
rence suggests that the month of relatively deep inundation created conditions favoring
development of a community slightly different than that found at the ENP monitoring
locations.

5.0  Conclusions and Recommendations
Conclusions based on the information presented above should be made in the context of the
limited data set available to date with which detention area effects can be evaluated. Antici-
pated resumption of “interim” monitoring activities will occur during the fourth quarter of
2002, and during that interim period, interagency working group progress on developing a
long-term environmental monitoring program is expected. Following agency consensus on
the components, parameters, and frequency of long-term monitoring, it is anticipated that a
rigorous set of monitoring records will be generated over time that will serve as the basis for
further analyses and data interpretation.
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In the interim, the following conclusions and recommendations are offered drawn from the
data produced by the pre-operations and start-up monitoring periods:

1. Data generated from the instrumented wells, and review of physical conditions during
this study period, indicated that the impounded surface waters apparently caused
increased temperatures in the shallow aquifer directly under Cell 1.

2. Organic pesticides were not detected above the FDEP low-level PQLs in any of the
surface or groundwater samples.

3. Arsenic, cadmium, copper, lead and zinc were not detected above method detection
limits in any of the surface or groundwater samples. Iron and manganese were
measured at low concentrations typical of local natural surface water and groundwater.
There was no indication of unnatural presence of metals in surface or groundwater
samples.

4. Phosphorus concentrations in the inflows were very low as might be expected during
the heavy rainy conditions monitored in June and July 2002. Concentrations in the
outflow from the detention area to the flow way area during this start-up period often
exceeded the inflow concentrations. These concentrations will need to be monitored
closely over the course of the year before drawing any conclusions regarding
phosphorus removal capacity of the detention area.

5. Regarding potential indicator parameters (e.g., conservative constituents such as
selected ions), there are some specific parameters that may reflect some localized
influence of the detention area on underlying and immediately adjacent groundwater.
These initial data are not conclusive, but interim and long-term monitoring data should
provide valuable clarifying information. Parameters of potential utility include
conductivity, chloride, magnesium, sodium, potassium, total dissolved solids, pH, and
total phosphorus. Over time, other parameters of potential interest may be added to this
preliminary list of candidate prioritized monitoring parameters.

This technical memorandum should not be considered a comprehensive analysis of these
monitoring records. Additional historical data sets exist because of monitoring by various
agencies within this study area and those data sets should be accessed and reviewed in
terms of characterizing “baseline” conditions that preceded detention area construction and
operations. These data should be evaluated in detail to get a better understanding of the
surface water and groundwater relationships for key parameters. A full DBHYDRO data
retrieval effort is recommended for all parameters monitored during this initial monitoring
study period, and a much more comprehensive analysis should occur. That analysis is
beyond the scope of this evaluation but is recommended for the future. These monitoring
records should be compared with the ongoing Emergency Order environmental monitoring
records generated by the USACE, with the S-332D Pump Station Pump Test records (August
and September 1999) generated by the District, with the long-term ambient water quality
data generated by the District, with any relevant water and ecological monitoring work or
research being conducted by universities or National Park Service employees, and with the
long-term ambient water quality monitoring records produced by the Miami-Dade County
Department of Environmental Resources Management.



APPENDIX A

Surface and Groundwater Analytical Results
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EXHIBIT A-2
Organochlorine, Organonitrogen, and Phosphorus Pesticide Data for Inflow and Outflow Samples from the S-332D Detention Area, August 2, 2002

Parameter
Aldrin 0.0021 U 0.0024 U 0.0019 U 0.0020 U 0.0020 U 0.0022 U
Alpha-BHC 0.0023 U 0.0026 U 0.0021 U 0.0022 U 0.0022 U 0.0024 U
Beta-BHC 0.0035 U 0.0040 U 0.0032 U 0.0034 U 0.0034 U 0.0037 U
Delta-BHC 0.0021 U 0.0024 U 0.0019 U 0.0020 U 0.0020 U 0.0022 U
Gamma-BHC 0.0021 U 0.0024 U 0.0019 U 0.0020 U 0.0020 U 0.0022 U
Carbophenothion (trithion) 0.016 U 0.019 U 0.015 U 0.016 U 0.016 U 0.017 U
Chlordane 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Chlorothalonil 0.016 U 0.019 U 0.015 U 0.016 U 0.016 U 0.017 U
Cypermethrin 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
DDD 0.0049 U 0.0056 U 0.0046 U 0.0048 U 0.0048 U 0.0052 U
DDE 0.0041 U 0.0047 U 0.0038 U 0.0040 U 0.0040 U 0.0043 U
DDT 0.0041 U 0.0047 U 0.0038 U 0.0040 U 0.0040 U 0.0043 U
Dicofol (kelthane) 0.045 U 0.052 U 0.042 U 0.044 U 0.044 U 0.048 U
Dieldrin 0.0021 U 0.0024 U 0.0019 U 0.0020 U 0.0020 U 0.0022 U
Endosulfan I (alpha) 0.0041 U 0.0047 U 0.0038 U 0.0040 U 0.0040 U 0.0043 U
Endosulfan II (beta) 0.0041 U 0.0047 U 0.0038 U 0.0040 U 0.0040 U 0.0043 U
Endosulfan sulfate 0.0049 U 0.0056 U 0.0046 U 0.0048 U 0.0048 U 0.0052 U
Endrin 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Endrin aldehyde 0.0045 U 0.0052 U 0.0042 U 0.0044 U 0.0044 U 0.0048 U
Heptachlor 0.0025 U 0.0028 U 0.0023 U 0.0024 U 0.0024 U 0.0026 U
Heptachlor epoxide 0.0021 U 0.0024 U 0.0019 U 0.0020 U 0.0020 U 0.0022 U
Methoxychlor 0.011 U 0.012 U 0.0099 U 0.010 U 0.010 U 0.011 U
Mirex 0.012 U 0.014 U 0.011 U 0.012 U 0.012 U 0.013 U
Permethrin 0.016 U 0.019 U 0.015 U 0.016 U 0.016 U 0.017 U
Toxaphene 0.10 U 0.12 U 0.095 U 0.099 U 0.10 U 0.11 U
PCB-1016 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
PCB-1221 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
PCB-1232 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
PCB-1242 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
PCB-1248 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
PCB-1254 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
PCB-1260 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Trifluralin 0.0082 U 0.0094 U 0.0076 U 0.0079 U 0.0080 U 0.0087 U
Alachlor 0.052 U 0.059 U 0.048 U 0.050 U 0.050 U 0.054 U
Ametryn 0.010 U 0.012 U 0.0095 U 0.0099 U 0.010 U 0.011 U
Atrazine 0.010 U 0.012 U 0.0095 U 0.0099 U 0.010 U 0.011 U
Azinphos methyl (guthion) 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Bromacil 0.041 U 0.047 U 0.038 U 0.040 U 0.040 U 0.043 U
Butylate 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Chlorpyrifos ethyl 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Chlorpyrifos methyl 0.010 U 0.012 U 0.0095 U 0.0099 U 0.010 U 0.011 U
Demeton 0.12 U 0.14 U 0.11 U 0.12 U 0.12 U 0.13 U
Diazinon 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Disulfoton 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Ethion 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Ethoprop 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Fenamiphos (nemacur) 0.031 U 0.035 U 0.029 U 0.030 U 0.030 U 0.033 U
Fonofos (dyfonate) 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Hexazinone 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Malathion 0.031 U 0.035 U 0.029 U 0.030 U 0.030 U 0.033 U
Metalaxyl 0.052 U 0.059 U 0.048 U 0.050 U 0.050 U 0.054 U
Metolachlor 0.062 U 0.071 U 0.057 U 0.059 U 0.060 U 0.065 U
Metribuzin 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Mevinphos 0.062 U 0.071 U 0.057 U 0.059 U 0.060 U 0.065 U
Naled 0.082 U 0.094 U 0.076 U 0.079 U 0.080 U 0.087 U
Norflurazon 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Parathion, ethyl 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Parathion, methyl 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Phorate 0.031 U 0.035 U 0.029 U 0.030 U 0.030 U 0.033 U
Prometryn 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Simazine 0.010 U 0.012 U 0.0095 U 0.0099 U 0.010 U 0.011 U
Atrazine desethyl 0.010 U 0.012 U 0.0095 U 0.0099 U 0.010 U 0.011 U
Atrazine desisopropyl 0.010 U 0.012 U 0.0095 U 0.0099 U 0.010 U 0.011 U
Prometon 0.021 U 0.024 U 0.019 U 0.020 U 0.020 U 0.022 U
Notes:
Data reported by the Florida Department of Environmental Protection Central Laboratory in Tallahassee, Florida
aoutflow sample collected at the cement weir at downstream end of Cell 2.
boutflow sample collected at the earth berm at dwonstream end of Cell 1.
U = undetected, reported at the minimum detection limit
I = reported value is between the method detection limit and the laboratory practical quantitation limit

08/02/2002 08/02/200208/02/2002
OF-0001a OF-0003b OF-0004b

08/02/2002 08/02/2002 08/02/2002

Monitoring Stations
IF-0001 OF-0002aIF-0002
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EXHIBIT A-3
Analytical Results for Mercury Samples from Basins S-332C and S-332D

Monitoring
Location

Monitoring
Period Date

MW-0021 Start-up 3 07/18/2002 0.65 0.448

(Basin D) Start-up 5 08/02/2002 0.49 0.188

MW-0022 Start-up 3 07/18/2002 1.19 0.365

(Basin D) Start-up 5 08/02/2002 0.44 0.166

MW-0039 Start-up 3 07/18/2002 0.94 0.129

(Basin D) Start-up 5 08/02/2002 0.53 0.063

MW-0040 Start-up 3 07/18/2002 1.92 0.260

(Basin D) Start-up 5 08/02/2002 0.84 0.350

MW-0001 Start-up 3 07/18/2002 0.25 0.060

(Basin C) Start-up 5 08/02/2002 0.98 0.063

MW-0004 Start-up 3 07/18/2002 0.49 0.050

(Basin C) Start-up 5 08/02/2002 0.15 U 0.025

MW-0005 Start-up 3 07/18/2002 0.56 0.245

(Basin C) Start-up 5 08/02/2002 0.36 0.252
U = Undetected
ng/L = nanograms per liter

Hg (ng/L)
MMHg
(ng/L)

DFB31003696126.xls/022520012 1 of 1



APPENDIX B

Surface and Groundwater Data Sorts
Supporting Potentially Relevant Comparisons
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APPENDIX C

Graphical Summaries of Instrumented
Groundwater Monitoring Well Data



S-332D Detention Area
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S-332D Detention Area
MW-0023
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S-332D Detention Area
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S-332D Detention Area
MW-0029
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S-332D Detention Area
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T E C H N I C A L M E M O R A N D U M  

Baseline Ecological Characterization of the S-332D
Detention Area and Adjacent Wetlands in Everglades
National Park, June and July 2002
PREPARED FOR: U.S. Army Corps of Engineers - Jacksonville District
PREPARED BY: CH2M HILL
DATE: September 30, 2002

Introduction
On June 22-23 and July 26-27, 2002, ecological surveys were conducted in the newly
constructed S-332D Detention Area and in Everglades National Park (ENP) directly adjacent
to the first 410-acre cell (Cell 1) of the impoundment system. The vegetation communities
present within the Detention Area included natural emergent macrophyte marshes and
remnant tree islands surrounded by open areas of bare rock created by scraping surficial
rock-plowed soils to the underlying rock surface. This ecological restoration technique is
similar to that employed at the restoration areas within the Hole-In-The-Donut (HID) in
ENP, and is intended to allow natural plant succession and periphyton mat development to
take place. In this case, the scraped materials were used to form the surrounding berms and
allow for inundation to a depth of several feet within the head cell and subsequent cells. 

The purpose of the reconnaissance-level study was to record existing ecological and
vegetative conditions prior to and during the initial inundation of the site. This memoran-
dum provides a brief overview of the ecological characteristics of natural sawgrass marsh
communities adjacent to the project area within ENP, the remnant wetlands within the
S-332D Detention Area, and the sampling approach, station locations, and data summaries
used to describe these characteristics. Previous data transmittal reports summarized
methodologies employed in the analysis; these are briefly restated here. The results of this
study characterize the composition and relative abundance of emergent macrophyte and
periphyton communities occurring within the S-332D at the onset of flooding of the
Detention Area. Future determinations of the effects of water storage on the ecosystem
adjacent to and within the Detention Area could be supported by revisiting and repeating
the measurements at each quadrat. 

Methods
CH2MHILL staff installed permanent one-meter-square quadrats in both ENP and in the
S-332D Detention Area. One half-inch rebar wrapped with orange flagging tape was used to
permanently mark opposite corners of each quadrat to aid in their future relocation. GPS
readings were also taken at each quadrat location to aid in their future relocation. Locations
of all quadrats were surveyed in by licensed land surveyors, and ground elevations were
measured relative to National Geodetic Vertical Datum (NGVD) at each quadrat post and in
the center of each quadrat.

Plant species composition and percent coverage were measured at each quadrat during the
initial June sampling, and follow-up measurements were made in July for all quadrats set in
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newly scraped areas. Photographs were taken of each quadrat at both sampling times.
When present, samples of periphyton mats were collected from all quadrats during each
sampling event.

Each of the remnant wetlands in the S-332D Detention Area were visited. The perimeter of
each wetland was traversed and delineated using a handheld global positioning system.
Dominant vegetative species and the water depth present at the time of sampling at the
wetland edge were recorded.

For both sampling events, grab samples of the periphyton mat were collected, preserved,
and provided to Dr. Michael Hein of Water & Air Research, Inc. of Gainesville Florida.
Dr. Hein identified and estimated the relative abundance of the algal taxa present. 

Macrophyte Survey
A total of 20 vegetative quadrats were established during the baseline survey. Of these,
seven quadrats were established in ENP adjacent to monitor well and surface water stations
CPO2-PSTAT-SW-0006 through CPO2-PSTAT-SW-0010 (see Exhibit D-1). All quadrats were
placed at a random location to the south of the existing monitor well. Within the detention
area, six quadrats were established in representative habitats in remnant wetlands. An
additional seven quadrats were established in open water areas of the three constructed
cells to document establishment and growth of periphyton and submerged aquatic vege-
tation (SAV) in these locations. 

Exhibit D-2 provides ground elevations at each of the permanent quadrats. Exhibit D-3
summarizes the total percent coverage by herbaceous and canopy species at each quadrat.
Attachment D-1 provides photographs of the different quadrat stations taken during the
June 2002 sampling.

ENP Quadrats
Wetlands included for this study within Everglades National Park were dominated in all
quadrats by native grass and grass-like species. Sawgrass (Cladium jamaicense) ranged in
cover from 10 to 80 percent in all quadrats. Saltgrass (Distichlis spicata) covered 60 percent of
quadrat CPO2-PSTAT-SW-0010. Sand cordgrass (Spartina bakeri) covered 45 percent and
65 percent of quadrats CPO2-PSTAT-SW-0009 and -0006, respectively. A total of 26 vascular
plant species were recorded in the ENP quadrats. Total cover by vascular plants was
relatively sparse, ranging from 68 percent to 117 percent. Common genera of beak-rush
(Rhynchospora sp.), vines (Mikania scandens), and herbaceous marsh plants comprised a
relatively minor diverse percentage of total plant cover. Non-native species were not
observed in the ENP quadrats. The substrate in almost all of the ENP quadrats was com-
prised of an uneven and deeply fissured limestone rock outcrop and a variable layer of marl
soil and periphyton. 

The overall visual aspect of these quadrats and their environs indicate a grassy wet prairie
typical of shallowly flooded Everglades habitats on native rock substrate. Future changes in
vegetation possibly attributable to changes in water elevation or water nutrient content may
be assessed through periodic analysis of vegetative cover and hydroperiod at these
quadrats.
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EXHIBIT D-1
Quadrat Locations and Remnant Wetlands



EXHIBIT D-2
Quadrat Elevations
Location Elevation Survey Location

(Ft NGVD)
DA1-040 4.99 Quadrat Center
DA1-040 5.04 North Rebar
DA1-040 5.42 South Rebar
DA1-1-C 3.83 Quadrat Center
DA1-1-C 6.37 High Water Mark
DA1-1-C 6.00 Low Water Mark
DA1-1-D 5.52 Quadrat Center
DA1-1-D 5.44 Quadrat Corner
DA1-1-D 5.46 Quadrat Corner
DA1-1-IA 5.07 Quadrat Center
DA1-1-IA 5.04 Quadrat Corner
DA1-1-IA 5.11 Quadrat Corner
DA1-1-IB 6.36 Quadrat Center
DA1-1-IB 5.71 North Rebar
DA1-1-IB 5.95 South Rebar
DA1-S-L 5.14 Quadrat Center
DA1-S-L 5.09 East Rebar
DA1-S-L 5.17 West Rebar
DA1-S-M 4.92 Quadrat Center
DA1-S-M 4.90 East Rebar
DA1-S-M 4.97 West Rebar
DA2-A-CANOPY 6.47 Quadrat Center
DA2-A-CANOPY 6.37 North Rebar
DA2-A-CANOPY 6.47 South Rebar
DA2-B-E 4.37 Quadrat Center
DA2-B-E 4.42 East Rebar
DA2-B-E 4.29 West Rebar
DA2-B-MARSH 5.05 Quadrat Center
DA2-B-MARSH 5.05 North Rebar
DA2-B-MARSH 4.97 South Rebar
DA2-B-W 5.23 Quadrat Center
DA2-B-W 5.20 East Rebar
DA2-B-W 5.24 West Rebar
DA2-C-S 4.28 Quadrat Center
DA2-C-S 4.35 North Rebar
DA2-C-S 4.28 South Rebar
DA3-A-N 4.08 Quadrat Center
DA3-A-N 4.34 North Rebar
DA3-A-N 4.17 South Rebar
SW004 6.07 Quadrat Center
SW004 6.14 North Rebar
SW004 6.02 South Rebar
SW005 6.06 Quadrat Center
SW005 5.99 South Rebar
SW005 5.81 North Rebar
SW006 5.11 Quadrat Center
SW006 5.08 South Rebar
SW006 5.14 North Rebar
SW007 5.00 Quadrat Center
SW007 5.02 North Rebar

DFB31003696146.xls/022760008
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S-332D Detention Area Quadrats
Six quadrats were established on the remnant wetlands in the S-332D Detention Area. Four
of the six quadrats were established in tree islands while the other two were established in
open marsh areas. Ground cover and canopy cover overlying the quadrats were estimated
for each quadrat in each tree island. 

A broad assemblage of wetland plants was recorded within the quadrats, with no single
species dominant. The types of communities present varied from dense tree and shrub
islands within the wetland interior, shallow grass-dominated marshes on exposed rock
substrate, willow-head islands, and emergent marshes. A total of 12 species were recorded
in the canopy within the tree islands or wetland interiors. A total of 38 species of grasses,
shrubs, and herbaceous plant species were identified in or adjacent to the quadrats. 

Sawgrass was dominant in only one quadrat (CO2-PSTAT-0040) in contrast to the majority
of those established in ENP. Swamp fern (Thelypteris sp.) was dominant in two other
quadrats (DA1-I and DA2-A) with coverage of 35 percent and 10 percent, respectively.
Poison ivy (Toxicodendron radicans) exhibited a coverage of 10 percent in DA2-A. The
dominant species in the remaining quadrats were the sedge Carex, the fern Blechnum
serrulatum, and other species. Quadrats in open, scraped areas showed little vascular plant
growth, but relatively consistent development of periphyton mats in water ranging from a
few inches to over 1.5 feet in depth.

Two of the four quadrats with canopy coverage were dominated by red bay (Persea
borbonia), with 80 percent and 50 percent coverage in quadrats established in DA1-I and
DA2-A, respectively. DA2-A also exhibited 50 percent coverage in the canopy layer of the
native grape vine Vitis sp. Vitis sp. was also the dominant canopy species (30 percent) in the
quadrat established in DA1-D. Quadrat CPO2-PSTAT-0040 had 90 percent canopy coverage
of saltbush (Baccharis halimifolia).

When present, standing water depths ranged from 1.5 to 3.0 feet deep in quadrats within the
interior of the Detention Area. This range appeared consistent with the natural ranges of
water depths for the wetland types present. Tree islands were not flooded at the time of
sampling, and are normally expected to have saturated conditions for about one month in a
year. The average depth and duration of hydroperiods within the wetland of the Detention
Area can be estimated in the future as the difference between the average water elevation
and the measured ground elevation, reported in Exhibit D-2. Future water elevation analy-
ses and a review of corresponding changes in quadrat vegetative cover will provide a means
of quantifying the potential benefits of rehydration to the historically wetlands within the
Detention Area.

Periphyton
Exhibits D-4 and D-5 list the taxa and relative abundance of periphyton found in samples
collected during the two sampling visits. Exhibits D-6 and D-7 provide summary statistics of
the periphyton communities sampled. 

Periphyton is a typical component of “sparse” saw grass communities found in the
Everglades. Sparse saw grass communities occur at lower elevations on a substrate typically
consisting of shallow peat or marl. Marl and limerock outcrops were noted at all ENP 



EX
HI

BI
T 

D-
4

Re
lat

ive
 A

bu
nd

an
ce

 (P
er

ce
nt)

 of
 P

er
iph

yto
n T

ax
a, 

Ju
ne

 22
-2

3, 
20

02
00

04
00

05
00

06
00

07
00

08
00

09
00

10
00

40
1-

D
1-

I
2-

A
2-

BE
06

22
02

06
22

02
06

22
02

06
22

02
06

22
02

06
22

02
06

22
02

06
22

02
06

23
02

06
23

02
06

23
02

06
23

02
OR

GC
OD

E
DI

VC
OD

E
OR

GN
AM

14
30

14
45

15
00

12
45

13
00

13
20

15
50

16
40

10
45

12
35

15
50

17
00

AN
A 

AM
B

01
AN

AB
AE

N
A 

AM
BI

G
U

A
--

--
--

--
--

--
--

--
--

--
--

88
.3

G
 A

N
A

01
AN

AB
AE

N
A 

SP
--

4.
9

14
.8

--
--

--
4.

2
1.

2
--

--
--

--
AP

H
N

 F
LO

01
AP

H
AN

IZ
O

M
EN

O
N

 F
LO

S-
AQ

U
AE

--
--

--
1.

1
2.

6
--

--
--

--
--

--
--

AP
H

N
 IS

S
01

AP
H

AN
IZ

O
M

EN
O

N
 IS

SA
TS

C
H

EN
KO

I
--

--
--

4.
1

--
--

--
--

--
--

--
--

AP
H

 D
EL

01
AP

H
AN

O
C

AP
SA

 D
EL

IC
AT

IS
SI

M
A

--
--

--
1.

0
2.

7
--

--
2.

9
--

4.
7

2.
9

--
AP

H
 G

R
E

01
AP

H
AN

O
C

AP
SA

 G
R

EV
IL

LE
I

--
0.

2
--

--
--

--
--

--
--

--
--

--
AP

H
 H

O
L

01
AP

H
AN

O
C

AP
SA

 H
O

LS
AT

IC
A

1.
7

--
1.

5
--

2.
6

4.
9

--
--

--
10

.1
1.

2
--

AP
H

 IN
C

01
AP

H
AN

O
C

AP
SA

 IN
C

ER
TA

--
--

--
--

--
--

2.
3

--
--

--
--

--
AP

H
 P

LA
01

AP
H

AN
O

C
AP

SA
 P

LA
N

C
TO

N
IC

A?
--

--
--

4.
1

14
.4

--
5.

5
10

.1
--

--
1.

9
--

G
 A

PH
01

AP
H

AN
O

C
AP

SA
 S

P
--

2.
0

--
--

--
--

--
--

--
--

--
--

AP
H

A 
BU

L
01

AP
H

AN
O

TH
EC

A 
BU

LL
O

SA
?

--
--

--
12

.1
--

--
--

--
--

--
--

--
AP

H
A 

C
LA

01
AP

H
AN

O
TH

EC
E 

C
LA

TH
R

AT
A

--
4.

0
--

--
4.

4
5.

1
--

--
--

--
--

--
AP

H
A 

M
IC

01
AP

H
AN

O
TH

EC
E 

M
IC

R
O

SC
O

PI
C

A
--

--
1.

7
--

--
--

--
--

--
--

--
--

AP
H

A 
SM

I
01

AP
H

AN
O

TH
EC

E 
SM

IT
H

II
4.

8
--

--
--

--
--

--
1.

3
1.

7
4.

3
6.

3
--

AP
H

A 
ST

A
01

AP
H

AN
O

TH
EC

E 
ST

AG
N

IN
A

0.
4

1.
3

0.
4

1.
5

2.
4

1.
1

1.
7

12
.9

8.
6

--
--

--
G

 C
AL

O
01

C
AL

O
TH

R
IX

 S
P

8.
2

--
--

--
--

--
1.

5
--

--
3.

1
--

--
C

H
R

 L
IM

01
C

H
R

O
O

C
O

C
C

U
S 

LI
M

N
ET

IC
U

S
0.

2
--

--
--

--
--

--
--

--
--

--
--

C
H

R
 M

IN
I

01
C

H
R

O
O

C
O

C
C

U
S 

M
IN

IM
U

S
--

3.
9

0.
9

0.
5

--
--

--
1.

3
4.

1
3.

4
2.

2
--

C
H

R
 M

IN
01

C
H

R
O

O
C

O
C

C
U

S 
M

IN
U

TU
S

0.
2

--
0.

8
0.

1
--

4.
5

--
1.

5
0.

7
--

--
--

C
H

R
 P

R
E

01
C

H
R

O
O

C
O

C
C

U
S 

PR
ES

C
O

TT
II

--
--

--
--

--
--

--
--

0.
4

--
--

--
C

H
R

 R
U

P
01

C
H

R
O

O
C

O
C

C
U

S 
R

U
PE

ST
R

IS
--

--
--

--
--

--
--

--
--

0.
5

7.
7

--
G

 C
H

R
01

C
H

R
O

O
C

O
C

C
U

S 
SP

0.
6

0.
4

--
--

--
--

--
--

--
--

--
--

C
H

R
 T

U
R

01
C

H
R

O
O

C
O

C
C

U
S 

TU
R

G
ID

U
S

--
--

--
0.

8
--

--
--

0.
2

--
--

--
--

C
H

R
 V

AR
01

C
H

R
O

O
C

O
C

C
U

S 
VA

R
IU

S?
--

--
--

--
--

6.
6

--
2.

6
6.

0
1.

9
--

--
G

 C
YL

01
C

YL
IN

D
R

O
SP

ER
M

U
M

 S
P

--
--

11
.2

--
--

--
--

--
--

--
--

--
G

 F
R

E
01

FR
EM

YE
LL

A 
SP

0.
2

--
13

.8
2.

1
--

--
1.

5
--

--
--

--
--

G
LO

 G
R

A
01

G
LO

EO
C

AP
SA

 G
R

AN
O

SA
--

--
--

--
--

--
--

--
--

0.
5

--
--

G
 G

LO
01

G
LO

EO
C

AP
SA

 S
P

4.
1

0.
7

5.
9

2.
2

7.
7

2.
3

--
0.

7
0.

2
3.

9
--

--
JA

A 
AN

G
01

JA
AG

IN
EM

A 
AN

G
U

ST
IS

SI
M

U
M

2.
3

--
24

.2
--

--
--

3.
8

5.
0

15
.7

2.
4

24
.6

--
JA

A 
M

IN
01

JA
AG

IN
EM

A 
M

IN
IM

A
--

--
--

--
--

5.
3

--
--

--
5.

1
--

--
LE

I E
PI

01
LE

IB
LE

IN
IA

 E
PI

PH
YT

IC
A

--
--

--
1.

8
--

--
--

--
--

--
--

--
LE

P 
LA

G
01

LE
PT

O
LY

N
G

BY
A 

LA
G

ER
H

EI
M

II
1.

9
--

--
--

--
3.

1
--

--
2.

6
--

3.
5

--
LE

P 
PE

R
01

LE
PT

O
LY

N
G

BY
A 

PE
R

EL
EG

AN
S?

--
--

--
--

--
--

--
--

--
--

8.
5

--
LI

M
 A

M
P

01
LI

M
N

O
TH

R
IX

 A
M

PH
IG

R
AN

U
LA

TA
0.

6
--

--
3.

9
--

--
--

--
3.

9
4.

3
--

--
M

ER
 P

U
N

01
M

ER
IS

M
O

PE
D

IA
 P

U
N

C
TA

TA
--

--
--

0.
2

--
--

--
--

--
--

--
--

M
IC

 L
AC

01
M

IC
R

O
C

O
LE

U
S 

LA
C

U
ST

R
IS

--
--

--
17

.4
--

--
--

--
--

--
--

--
M

IC
 S

O
C

01
M

IC
R

O
C

O
LE

U
S 

SO
C

IA
TU

S?
15

.9
--

--
--

--
--

--
--

--
--

--
--

M
IC

 N
AT

01
M

IC
R

O
C

YS
TI

S 
N

AT
AN

S
--

11
.5

8.
0

--
--

--
--

--
--

--
--

--
M

IC
 S

M
I

01
M

IC
R

O
C

YS
TI

S 
SM

IT
H

II
1.

7
--

--
--

--
--

--
--

--
--

--
--

N
O

D
 S

PU
01

N
O

D
U

LA
R

IA
 S

PU
M

IG
EN

A
--

--
--

--
1.

4
--

2.
2

--
--

--
--

--
N

O
S 

C
O

M
01

N
O

ST
O

C
 C

O
M

M
U

N
E

--
0.

7
--

--
--

--
--

--
--

--
--

--
O

SC
 L

IM
O

01
O

SC
IL

LA
TO

R
IA

 L
IM

O
SA

3.
7

--
--

4.
2

--
--

--
--

--
--

--
--

PH
O

 A
ER

01
PH

O
R

M
ID

IU
M

 A
ER

U
G

IN
EO

-C
AE

R
U

LE
U

M
--

--
--

--
--

--
12

.5
6.

5
1.

5
8.

2
--

--
PH

O
 D

IG
01

PH
O

R
M

ID
IU

M
 D

IG
U

ET
II

--
--

--
--

--
--

--
3.

3
--

--
--

--
PH

O
 F

O
R

01
PH

O
R

M
ID

IU
M

 F
O

R
M

O
SU

M
16

.4
--

--
--

--
0.

5
--

3.
1

--
7.

5
1.

8
--

PH
O

 W
IL

01
PH

O
R

M
ID

IU
M

 W
IL

LE
I?

--
--

--
--

--
--

--
--

--
4.

8
--

--
PL

A 
SU

B
01

PL
AN

KT
O

LY
N

G
BY

A 
SU

BT
IL

IS
2.

5
--

12
.9

2.
8

13
.9

8.
6

8.
0

15
.3

25
.1

19
.1

18
.9

--
PL

E 
TO

M
01

PL
EC

TO
N

EM
A 

TO
M

AS
IN

IA
N

A?
--

5.
0

--
--

--
--

--
--

--
--

--
--

PS
E 

LI
M

01
PS

EU
D

AN
AB

AE
N

A 
LI

M
N

ET
IC

A
6.

7
3.

5
3.

2
6.

6
--

--
15

.6
--

2.
8

1.
6

13
.3

3.
0

PS
E 

M
O

N
01

PS
EU

D
AN

AB
AE

N
A 

M
O

N
IL

IF
O

R
M

IS
--

--
--

--
--

--
--

0.
5

--
--

--
5.

0
SC

H
 A

R
E

01
SC

H
IZ

O
TH

R
IX

 A
R

EN
AR

IA
?

8.
4

19
.0

--
11

.2
13

.9
5.

1
2.

2
--

--
--

--
--

SC
H

 C
AL

01
SC

H
IZ

O
TH

R
IX

 C
AL

C
IC

O
LA

4.
2

1.
1

--
--

4.
0

11
.3

4.
4

--
--

2.
4

3.
6

--
SC

H
 F

R
I

01
SC

H
IZ

O
TH

R
IX

 F
R

IE
SI

I?
--

--
--

--
--

17
.0

--
--

--
--

--
--

SC
Y 

H
O

F
01

SC
YT

O
N

EM
A 

H
O

FM
AN

II?
3.

0
10

.3
--

4.
8

13
.2

1.
5

11
.5

17
.1

10
.9

11
.2

3.
4

3.
0

SC
Y 

M
YO

01
SC

YT
O

N
EM

A 
M

YO
C

H
R

O
U

S?
0.

2
12

.0
--

--
--

6.
2

12
.5

7.
0

2.
6

--
--

--
G

 S
C

Y
01

SC
YT

O
N

EM
A 

SP
?

--
--

--
11

.3
--

--
--

--
6.

8
--

--
--

SC
Y 

TO
L

01
SC

YT
O

N
EM

A 
TO

LY
PO

TH
R

IC
H

O
ID

ES
?

3.
0

2.
0

--
--

--
--

7.
1

4.
6

0.
7

--
--

--
ST

I P
AN

01
ST

IG
O

N
EM

A 
PA

N
N

IF
O

R
M

E?
1.

8
--

--
1.

2
2.

5
13

.9
3.

5
1.

6
1.

6
--

--
--

G
 S

TI
G

01
ST

IG
O

N
EM

A 
SP

--
3.

3
--

--
3.

6
--

--
--

2.
5

--
--

--
G

 S
YN

E
01

SY
N

EC
H

O
C

C
O

C
C

U
S 

SP
--

--
--

--
--

2.
7

--
0.

3
0.

9
0.

5
0.

1
--

D
FB

31
00

36
96

14
6.

xl
s/

02
27

60
00

8
Pa

ge
 1

 o
f 2



EX
HI

BI
T 

D-
4

Re
lat

ive
 A

bu
nd

an
ce

 (P
er

ce
nt)

 of
 P

er
iph

yto
n T

ax
a, 

Ju
ne

 22
-2

3, 
20

02
00

04
00

05
00

06
00

07
00

08
00

09
00

10
00

40
1-

D
1-

I
2-

A
2-

BE
06

22
02

06
22

02
06

22
02

06
22

02
06

22
02

06
22

02
06

22
02

06
22

02
06

23
02

06
23

02
06

23
02

06
23

02
OR

GC
OD

E
DI

VC
OD

E
OR

GN
AM

14
30

14
45

15
00

12
45

13
00

13
20

15
50

16
40

10
45

12
35

15
50

17
00

TO
L 

FR
A

01
TO

LY
PO

TH
R

IX
 F

R
AG

IL
IS

?
7.

0
2.

6
--

--
--

--
--

--
--

--
--

--
G

 T
O

L
01

TO
LY

PO
TH

R
IX

 S
P

--
0.

5
--

--
--

--
--

--
--

--
--

--
H

YA
 D

IS
03

H
YA

LO
TH

EC
A 

D
IS

SI
LI

EN
S

--
--

--
--

--
--

--
0.

6
--

--
--

--
G

 O
ED

03
O

ED
O

G
O

N
IU

M
 S

P
--

--
--

--
--

--
--

0.
3

--
--

--
--

SC
E 

Q
U

A
03

SC
EN

ED
ES

M
U

S 
Q

U
AD

R
IC

AU
D

A
--

--
--

--
--

--
--

0.
2

--
--

--
--

SC
E 

SU
B

03
SC

EN
ED

ES
M

U
S 

SU
BS

PI
C

AT
U

S
--

--
--

--
--

--
--

--
--

--
--

0.
3

G
 S

C
H

03
SC

H
IZ

O
M

ER
IS

 S
P

--
--

--
--

10
.8

--
--

--
--

--
--

--
G

 S
C

H
I

03
SC

H
IZ

O
TH

R
IX

 S
P

--
11

.1
--

4.
8

--
--

--
--

--
--

--
--

G
 S

TA
U

03
ST

AU
R

AS
TR

U
M

 S
P

--
--

--
--

--
0.

1
--

--
--

--
--

--
AC

H
N

 M
IN

04
AC

H
N

AN
TH

ID
IU

M
 M

IN
U

TI
SS

IM
U

M
--

--
--

--
--

0.
1

--
--

0.
3

--
--

--
C

O
C

 P
LA

 L
I

04
C

O
C

C
O

N
EI

S 
PL

AC
EN

TU
LA

 V
 L

IN
EA

TA
--

--
0.

2
--

--
--

--
--

--
--

--
--

C
YM

 M
IC

04
C

YM
BE

LL
A 

M
IC

R
O

C
EP

H
AL

A
--

--
--

--
--

--
--

--
--

0.
1

--
--

D
IP

 O
VA

04
D

IP
LO

N
EI

S 
O

VA
LI

S
--

--
--

--
--

--
--

--
0.

1
--

--
--

EN
C

 E
VE

04
EN

C
YO

N
EM

A 
EV

ER
G

LA
D

IA
N

U
M

--
--

0.
2

--
--

--
--

--
--

--
--

--
M

AS
 S

M
I L

A
04

M
AS

TO
G

LO
IA

 S
M

IT
H

II 
V 

LA
C

U
ST

R
IS

0.
1

--
--

0.
1

--
0.

1
--

0.
1

0.
1

0.
2

--
--

N
AV

 R
AD

 P
A

04
N

AV
IC

U
LA

 R
AD

IO
SA

 V
 P

AR
VA

--
--

--
--

--
--

--
--

--
--

--
0.

2
N

IT
 S

EM
04

N
IT

ZS
C

H
IA

 S
EM

IR
O

BU
ST

A
--

--
0.

4
--

--
0.

1
--

--
--

--
--

--
G

 N
IT

 S
M

04
N

IT
ZS

C
H

IA
 S

P 
(S

M
AL

L)
--

--
--

--
--

--
--

--
--

--
--

0.
2

D
FB

31
00

36
96

14
6.

xl
s/

02
27

60
00

8
Pa

ge
 2

 o
f 2



EX
HI

BI
T 

D-
5

Re
lat

ive
 A

bu
nd

an
ce

 (P
er

ce
nt)

 of
 P

er
iph

yto
n T

ax
a, 

Ju
ly 

26
-2

7, 
20

02
00

04
00

05
00

06
00

07
EN

P-
FD

1
00

08
00

09
00

10
DA

1-
C

DA
1-

I
DA

1-
1-

IA
DA

1-
S-

L
DA

1-
S-

M
DA

1-
I04

0
DA

2A
MA

R.
DA

2-
B-

E
DA

-F
D1

DA
2-

B-
W

DA
3-

A-
N

07
26

02
07

26
02

07
26

02
07

26
02

07
26

02
07

26
02

07
26

02
07

26
02

07
26

02
07

27
02

07
26

02
07

27
02

07
27

02
07

26
02

07
27

02
07

27
02

07
27

02
07

27
02

07
27

02
OR

GC
OD

E
DI

VC
OD

E
OR

GN
AM

11
45

11
50

12
00

12
30

12
35

12
40

12
45

11
10

16
00

09
45

16
45

08
35

08
40

09
00

11
30

11
00

11
05

11
10

12
30

AN
A 

AF
F

01
AN

AB
AE

N
A 

AF
FI

N
IS

--
--

--
--

--
--

0.
8

0.
7

--
--

--
3.

1
--

--
--

--
--

--
4.

1
AN

A 
AM

B
01

AN
AB

AE
N

A 
AM

BI
G

U
A

--
2.

4
--

--
--

2.
9

--
0.

8
1.

0
--

--
0.

9
3.

8
6.

1
1.

1
--

4.
7

2.
0

2.
9

AN
A 

C
U

N
01

AN
AB

AE
N

A 
C

U
N

N
IN

G
TO

N
II

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

3.
0

--
4.

1
G

 A
N

A
01

AN
AB

AE
N

A 
SP

1.
3

0.
7

--
--

--
--

--
--

--
--

--
--

3.
6

--
--

--
--

--
--

AP
H

N
 F

LO
01

AP
H

AN
IZ

O
M

EN
O

N
 F

LO
S-

AQ
U

AE
--

--
--

--
--

--
--

--
--

--
--

2.
8

6.
5

--
--

--
--

--
6.

7
AP

H
 C

O
N

01
AP

H
AN

O
C

AP
SA

 C
O

N
FE

R
TA

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

14
.6

AP
H

 D
EL

01
AP

H
AN

O
C

AP
SA

 D
EL

IC
AT

IS
SI

M
A

--
1.

3
--

--
--

0.
8

--
--

--
--

--
--

--
--

--
--

--
--

--
AP

H
 G

R
E

01
AP

H
AN

O
C

AP
SA

 G
R

EV
IL

LE
I

5.
1

--
1.

1
--

--
--

--
5.

7
--

--
--

--
--

0.
5

--
--

--
--

--
AP

H
 H

O
L

01
AP

H
AN

O
C

AP
SA

 H
O

LS
AT

IC
A

1.
1

1.
9

--
1.

0
1.

5
--

--
--

--
--

--
--

--
--

1.
7

--
--

--
--

AP
H

 P
LA

01
AP

H
AN

O
C

AP
SA

 P
LA

N
C

TO
N

IC
A?

4.
8

3.
5

0.
4

7.
1

3.
9

4.
0

5.
2

2.
2

2.
6

--
--

--
--

1.
0

--
--

--
--

--
AP

H
A 

C
LA

01
AP

H
AN

O
TH

EC
E 

C
LA

TH
R

AT
A

--
3.

8
1.

1
1.

4
--

5.
0

4.
2

--
2.

4
3.

2
--

--
--

--
--

--
--

--
--

AP
H

A 
SM

I
01

AP
H

AN
O

TH
EC

E 
SM

IT
H

II
3.

7
--

1.
1

1.
0

--
--

--
5.

7
--

1.
6

--
--

--
--

2.
3

--
--

--
2.

0
AP

H
A 

ST
A

01
AP

H
AN

O
TH

EC
E 

ST
AG

N
IN

A
0.

4
0.

6
0.

4
9.

5
5.

0
1.

7
9.

3
0.

6
0.

4
1.

4
--

0.
6

--
7.

5
8.

7
--

--
--

2.
3

AP
H

A 
VA

R
01

AP
H

AN
O

TH
EC

E 
VA

R
IA

BI
LI

S?
--

--
--

--
2.

0
--

--
--

--
--

--
--

--
--

--
--

--
--

--
G

 C
AL

O
01

C
AL

O
TH

R
IX

 S
P

--
1.

0
0.

7
4.

2
3.

0
5.

6
3.

2
1.

1
--

--
--

--
--

4.
6

--
--

--
--

--
C

H
R

 L
IM

01
C

H
R

O
O

C
O

C
C

U
S 

LI
M

N
ET

IC
U

S
0.

1
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
C

H
R

 M
IN

I
01

C
H

R
O

O
C

O
C

C
U

S 
M

IN
IM

U
S

0.
8

2.
5

--
1.

2
--

0.
2

--
1.

1
0.

4
0.

6
0.

9
0.

6
2.

6
--

0.
8

0.
4

--
3.

8
2.

9
C

H
R

 M
IN

01
C

H
R

O
O

C
O

C
C

U
S 

M
IN

U
TU

S
0.

1
--

0.
4

0.
5

2.
8

1.
5

1.
3

--
--

0.
2

0.
3

--
--

0.
2

0.
3

--
--

0.
3

--
C

H
R

 V
AR

01
C

H
R

O
O

C
O

C
C

U
S 

VA
R

IU
S?

--
6.

8
--

--
1.

0
--

8.
5

7.
2

--
--

--
--

--
1.

0
--

--
--

--
--

G
 F

R
E

01
FR

EM
YE

LL
A 

SP
--

0.
6

--
1.

2
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

G
LO

 G
R

A
01

G
LO

EO
C

AP
SA

 G
R

AN
O

SA
--

--
--

1.
0

0.
5

--
--

--
--

--
--

--
--

--
--

--
--

--
--

G
 G

LO
01

G
LO

EO
C

AP
SA

 S
P

4.
0

1.
3

--
1.

0
0.

5
8.

1
--

--
--

--
--

0.
3

0.
5

0.
5

2.
3

--
--

--
2.

3
G

LO
 M

EM
01

G
LO

EO
TH

EC
E 

M
EM

BR
AN

AC
EA

E
--

--
--

4.
8

0.
3

0.
8

--
--

--
--

--
--

--
--

--
--

--
--

--
G

 G
LO

T
01

G
LO

EO
TH

EC
E 

SP
--

--
--

--
--

--
--

--
--

--
--

--
--

--
4.

2
--

--
--

--
JA

A 
AN

G
01

JA
AG

IN
EM

A 
AN

G
U

ST
IS

SI
M

U
M

6.
4

1.
2

6.
1

8.
3

7.
6

--
0.

8
2.

7
10

.1
14

.2
24

.5
15

.1
18

.1
10

.6
8.

5
4.

0
9.

7
34

.4
20

.5
JA

A 
M

IN
01

JA
AG

IN
EM

A 
M

IN
IM

A
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

10
.5

6.
7

--
--

LE
I E

PI
01

LE
IB

LE
IN

IA
 E

PI
PH

YT
IC

A
--

--
--

2.
1

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
LE

P 
LA

G
01

LE
PT

O
LY

N
G

BY
A 

LA
G

ER
H

EI
M

II
11

.8
--

6.
3

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
4.

8
LE

P 
PE

R
01

LE
PT

O
LY

N
G

BY
A 

PE
R

EL
EG

AN
S?

--
--

5.
7

6.
9

9.
7

--
--

--
19

.9
1.

7
--

--
--

3.
0

4.
9

--
--

--
--

LI
M

 A
M

P
01

LI
M

N
O

TH
R

IX
 A

M
PH

IG
R

AN
U

LA
TA

--
--

2.
4

--
--

--
--

--
--

--
--

--
--

--
--

2.
1

--
--

--
M

ER
 D

U
P

01
M

ER
IS

M
O

PE
D

IA
 D

U
PL

EX
--

--
--

--
--

--
--

--
--

3.
2

--
1.

1
--

--
--

--
--

--
--

M
ER

 G
LA

01
M

ER
IS

M
O

PE
D

IA
 G

LA
U

C
A

--
--

--
--

--
--

--
--

2.
8

--
--

--
--

--
1.

1
5.

4
0.

7
1.

1
--

M
ER

 T
EN

01
M

ER
IS

M
O

PE
D

IA
 T

EN
U

IS
SI

M
A

--
--

--
--

--
--

--
--

2.
1

--
2.

1
0.

6
1.

6
--

--
2.

8
6.

7
1.

1
--

N
O

D
 S

PU
01

N
O

D
U

LA
R

IA
 S

PU
M

IG
EN

A?
--

--
--

8.
1

10
.6

8.
1

10
.4

9.
2

--
--

--
--

--
--

2.
8

--
--

1.
6

--
PH

O
 A

ER
01

PH
O

R
M

ID
IU

M
 A

ER
U

G
IN

EO
-C

AE
R

U
LE

U
M

1.
1

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
11

.7
--

5.
8

PH
O

 A
M

P
01

PH
O

R
M

ID
IU

M
 A

M
PH

IB
IU

M
--

--
12

.8
2.

4
--

15
.6

5.
5

3.
2

1.
6

--
3.

2
--

3.
2

--
3.

8
3.

7
1.

0
--

1.
8

PH
O

 F
O

R
01

PH
O

R
M

ID
IU

M
 F

O
R

M
O

SU
M

--
--

2.
0

--
--

--
3.

8
3.

8
--

--
--

--
--

1.
5

--
4.

9
--

--
4.

4
PH

O
 W

IL
01

PH
O

R
M

ID
IU

M
 W

IL
LE

I?
--

--
3.

9
--

--
--

--
5.

4
--

--
--

--
--

--
--

--
--

--
4.

7
PL

AN
 C

O
N

01
PL

AN
KT

O
LY

N
G

BY
A 

C
O

N
TO

R
TA

--
--

--
--

--
--

--
5.

4
--

--
--

--
--

--
--

--
--

--
--

PL
A 

SU
B

01
PL

AN
KT

O
LY

N
G

BY
A 

SU
BT

IL
IS

11
.0

3.
3

3.
3

14
.0

16
.4

3.
9

14
.8

5.
8

8.
0

3.
0

1.
7

1.
7

11
.1

24
.1

11
.3

3.
5

3.
3

14
.6

--
PL

A 
M

O
U

01
PL

AN
KT

O
TH

R
IX

 M
O

U
G

EO
TI

I
--

--
4.

8
--

--
--

--
--

--
2.

9
2.

1
0.

9
--

--
--

--
--

--
--

PS
E 

LI
M

01
PS

EU
D

AN
AB

AE
N

A 
LI

M
N

ET
IC

A
--

6.
9

25
.7

4.
4

10
.3

2.
1

--
2.

7
16

.1
17

.2
8.

0
15

.9
5.

2
3.

6
6.

9
9.

7
8.

3
16

.4
6.

7
PS

E 
M

O
N

01
PS

EU
D

AN
AB

AE
N

A 
M

O
N

IL
IF

O
R

M
IS

1.
1

4.
8

10
.0

1.
4

2.
5

1.
6

5.
5

1.
8

1.
9

8.
4

1.
3

5.
4

4.
0

2.
0

3.
4

16
.5

11
.7

12
.4

--
PS

E 
PA

P
01

PS
EU

D
AN

AB
AE

N
A 

PA
PI

LL
AT

ER
M

IN
AT

A?
--

--
--

--
--

--
--

--
--

9.
3

4.
9

6.
0

1.
6

--
--

12
.7

11
.3

2.
2

--
G

 P
SE

01
PS

EU
D

AN
AB

AE
N

A 
SP

--
--

1.
2

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

SC
H

 A
R

E
01

SC
H

IZ
O

TH
R

IX
 A

R
EN

AR
IA

?
5.

7
3.

5
--

--
5.

7
8.

9
5.

5
13

.6
1.

6
--

--
--

--
11

.2
12

.1
--

--
6.

2
--

SC
H

 C
AL

01
SC

H
IZ

O
TH

R
IX

 C
AL

C
IC

O
LA

--
4.

3
--

--
--

--
--

7.
1

--
--

--
--

--
4.

3
--

--
--

--
--

SC
H

 F
R

I
01

SC
H

IZ
O

TH
R

IX
 F

R
IE

SI
I?

19
.0

28
.5

4.
3

0.
6

0.
6

13
.1

3.
6

--
--

--
--

--
--

2.
5

2.
8

--
--

--
--

SC
Y 

C
R

I
01

SC
YT

O
N

EM
A 

C
R

IS
PU

M
--

--
--

--
--

--
--

--
--

--
--

--
--

--
2.

5
--

--
--

--
SC

Y 
H

O
F

01
SC

YT
O

N
EM

A 
H

O
FM

AN
II?

9.
3

19
.0

--
10

.5
7.

8
10

.2
12

.7
6.

8
--

--
--

--
--

13
.0

7.
0

--
--

--
3.

5
SC

Y 
M

YO
01

SC
YT

O
N

EM
A 

M
YO

C
H

R
O

U
S?

10
.3

1.
6

--
--

--
5.

0
--

5.
6

--
--

--
--

--
--

--
--

--
--

--
G

 S
C

Y
01

SC
YT

O
N

EM
A 

SP
?

0.
5

--
--

4.
5

5.
7

--
--

--
--

--
--

--
--

--
--

--
--

--
--

ST
I P

AN
01

ST
IG

O
N

EM
A 

PA
N

N
IF

O
R

M
E?

2.
1

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

G
 S

YN
E

01
SY

N
EC

H
O

C
C

O
C

C
U

S 
SP

--
--

0.
5

1.
4

1.
5

0.
8

2.
2

1.
6

--
--

--
--

--
0.

7
0.

6
--

--
--

--
AN

K 
FA

L
03

AN
KI

ST
R

O
D

ES
M

U
S 

FA
LC

AT
U

S
--

--
--

--
--

--
--

--
--

0.
1

--
--

--
--

--
--

--
--

--
C

O
E 

M
IC

03
C

O
EL

AS
TR

U
M

 M
IC

R
O

PO
R

U
M

--
--

--
0.

7
--

--
--

--
--

1.
6

--
--

--
--

1.
1

0.
7

2.
0

--
0.

6
C

O
S 

BO
T

03
C

O
SM

AR
IU

M
 B

O
TR

YT
IS

--
--

--
--

--
--

--
--

--
--

--
0.

1
--

--
--

--
--

--
--

C
O

S 
EX

I
03

C
O

SM
AR

IU
M

 E
XI

G
U

U
M

--
--

0.
1

--
--

--
--

--
--

--
--

0.
1

--
--

--
--

--
--

--
C

O
S 

G
R

AN
03

C
O

SM
AR

IU
M

 G
R

AN
AT

U
M

--
--

0.
1

--
--

--
--

--
0.

3
--

0.
3

--
--

--
0.

1
--

--
--

--
G

 C
O

S
03

C
O

SM
AR

IU
M

 S
P

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

0.
2

--
0.

1
C

O
S 

SU
BR

03
C

O
SM

AR
IU

M
 S

U
BR

EN
IF

O
R

M
E

--
--

--
--

--
--

--
--

--
--

--
--

0.
3

--
--

0.
2

0.
2

0.
1

--
C

O
S 

TR
I

03
C

O
SM

AR
IU

M
 T

R
IL

O
BU

LA
TU

M
--

--
--

--
--

--
--

--
--

0.
1

--
--

--
--

--
--

--
--

--
D

IC
 P

U
L

03
D

IC
TY

O
SP

H
AE

R
IU

M
 P

U
LC

H
EL

LU
M

--
--

--
--

--
--

--
--

--
1.

6
--

--
--

--
--

0.
7

--
--

--
EU

D
 E

LE
03

EU
D

O
R

IN
A 

EL
EG

AN
S

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

2.
7

--
--

G
 M

O
U

03
M

O
U

G
EO

TI
A 

SP
--

--
--

--
--

--
--

--
1.

1
0.

3
0.

4
1.

0
2.

1
--

0.
4

0.
7

0.
7

--
--

G
 O

ED
03

O
ED

O
G

O
N

IU
M

 S
P

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

0.
5

--
--

O
O

C
 P

AR
03

O
O

C
YS

TI
S 

PA
R

VA
--

--
--

--
--

--
--

--
--

--
--

--
--

--
0.

1
--

0.
2

--
--

PE
D

 B
O

R
03

PE
D

IA
ST

R
U

M
 B

O
R

YA
N

U
M

--
--

--
--

--
--

--
--

1.
7

--
--

--
--

--
--

--
--

--
--

PE
D

 D
U

P
03

PE
D

IA
ST

R
U

M
 D

U
PL

EX
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
1.

2
SC

E 
BI

J
03

SC
EN

ED
ES

M
U

S 
BI

JU
G

A
--

--
--

--
--

--
--

--
--

--
0.

3
--

--
0.

2
--

--
--

--
--

SC
E 

G
U

T
03

SC
EN

ED
ES

M
U

S 
G

U
TW

IN
SK

II
--

--
--

0.
2

--
--

--
--

--
--

--
--

--
--

--
0.

7
--

--
--

SC
E 

Q
U

A
03

SC
EN

ED
ES

M
U

S 
Q

U
AD

R
IC

AU
D

A
--

--
--

--
--

--
--

--
--

--
0.

3
--

--
--

0.
6

0.
4

--
--

--
SC

E 
SO

L
03

SC
EN

ED
ES

M
U

S 
SO

LI
?

--
--

--
--

--
--

--
--

--
--

--
--

--
--

0.
3

--
--

--
--

SC
E 

SU
B

03
SC

EN
ED

ES
M

U
S 

SU
BS

PI
C

AT
U

S
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

0.
4

--
--

0.
6

SE
L 

BI
B

03
SE

LE
N

AS
TR

U
M

 B
IB

R
AI

AN
U

M
--

--
--

--
--

--
--

--
--

--
0.

3
--

--
--

--
--

--
--

--
G

 S
PI

03
SP

IR
O

G
YR

A 
SP

--
--

--
--

--
--

--
--

--
--

--
--

0.
1

--
--

--
--

--
--

ST
AU

 H
EX

03
ST

AU
R

AS
TR

U
M

 H
EX

AC
ER

U
M

--
--

--
--

--
--

--
--

--
--

--
0.

1
--

--
--

0.
2

--
--

--
ST

AU
 T

ET
03

ST
AU

R
AS

TR
U

M
 T

ET
R

AC
ER

U
M

--
0.

1
--

--
--

--
--

--
--

--
--

--
0.

1
--

--
--

0.
2

--
--

TE
T 

C
AU

03
TE

TR
AE

D
R

O
N

 C
AU

D
AT

U
M

0.
1

--
0.

1
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
TE

T 
M

IN
03

TE
TR

AE
D

R
O

N
 M

IN
IM

U
M

--
--

--
--

--
--

--
--

--
0.

1
--

--
--

--
--

--
--

--
--

U
N

 C
H

L 
FI

03
U

N
ID

 C
H

LO
R

O
PH

YC
EA

E 
FI

LA
M

EN
T 

BA
SA

L 
C

EL
LS

--
--

0.
4

--
--

--
--

--
--

--
--

--
--

--
--

3.
5

1.
7

--
--

AC
H

N
 M

IN
04

AC
H

N
AN

TH
ID

IU
M

 M
IN

U
TI

SS
IM

U
M

--
--

0.
2

--
--

--
--

--
0.

6
0.

3
0.

1
--

--
--

--
--

--
--

--
BA

C
 P

AX
04

BA
C

IL
LA

R
IA

 P
AX

IL
LI

FE
R

--
--

--
--

--
--

--
--

--
--

--
--

0.
1

--
--

--
--

--
--

BR
A 

VI
T

04
BR

AC
H

YS
IR

A 
VI

TR
EA

--
0.

4
1.

4
0.

1
--

--
0.

2
0.

1
14

.9
22

.0
39

.1
39

.3
30

.6
0.

2
3.

2
10

.0
7.

0
1.

5
0.

3
C

YM
 M

IC
04

C
YM

BE
LL

A 
M

IC
R

O
C

EP
H

AL
A

--
--

1.
6

0.
4

0.
6

--
1.

3
--

8.
5

4.
9

9.
1

1.
6

0.
8

0.
5

3.
7

0.
4

0.
5

--
--

EN
C

 E
VE

04
EN

C
YO

N
EM

A 
EV

ER
G

LA
D

IA
N

U
M

--
--

0.
4

0.
1

--
0.

1
0.

3
--

--
--

--
--

0.
1

--
0.

4
0.

2
--

0.
1

--
EN

C
 M

IN
04

EN
C

YO
N

EM
A 

M
IN

U
TU

M
--

--
--

--
--

--
--

--
--

--
0.

1
--

--
--

--
--

--
--

--
EN

C
 M

IN
 P

S
04

EN
C

YO
N

EM
A 

M
IN

U
TU

M
 V

 P
SE

U
D

O
G

R
AC

IL
IS

--
--

0.
1

--
0.

3
--

0.
1

--
0.

2
0.

1
0.

1
--

--
--

0.
1

--
--

--
--

FR
A 

D
EL

04
FR

AG
IL

AR
IA

 D
EL

IC
AT

IS
SI

M
A

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
0.

4
0.

7
0.

5
0.

1
FR

A 
FA

M
04

FR
AG

IL
AR

IA
 F

AM
EL

IC
A

--
--

--
--

--
--

--
--

0.
1

0.
1

--
0.

1
--

--
--

1.
4

1.
8

0.
4

--
FR

A 
N

AN
04

FR
AG

IL
AR

IA
 N

AN
AN

A?
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

0.
9

--
--

--

D
FB

31
00

36
96

14
6.

xl
s/

02
27

60
00

8
Pa

ge
 1

 o
f 2



EX
HI

BI
T 

D-
5

Re
lat

ive
 A

bu
nd

an
ce

 (P
er

ce
nt)

 of
 P

er
iph

yto
n T

ax
a, 

Ju
ly 

26
-2

7, 
20

02
00

04
00

05
00

06
00

07
EN

P-
FD

1
00

08
00

09
00

10
DA

1-
C

DA
1-

I
DA

1-
1-

IA
DA

1-
S-

L
DA

1-
S-

M
DA

1-
I04

0
DA

2A
MA

R.
DA

2-
B-

E
DA

-F
D1

DA
2-

B-
W

DA
3-

A-
N

07
26

02
07

26
02

07
26

02
07

26
02

07
26

02
07

26
02

07
26

02
07

26
02

07
26

02
07

27
02

07
26

02
07

27
02

07
27

02
07

26
02

07
27

02
07

27
02

07
27

02
07

27
02

07
27

02
OR

GC
OD

E
DI

VC
OD

E
OR

GN
AM

11
45

11
50

12
00

12
30

12
35

12
40

12
45

11
10

16
00

09
45

16
45

08
35

08
40

09
00

11
30

11
00

11
05

11
10

12
30

FR
A 

SY
N

04
FR

AG
IL

AR
IA

 S
YN

EG
R

O
TE

SC
A

--
--

0.
3

--
--

--
--

--
0.

3
1.

3
0.

3
0.

7
0.

5
--

0.
1

0.
4

0.
3

0.
1

--
FR

A 
TE

N
04

FR
AG

IL
AR

IA
 T

EN
ER

A
--

--
--

--
--

--
--

--
--

--
--

0.
1

--
--

--
--

--
--

--
G

O
M

 G
R

A
04

G
O

M
PH

O
N

EM
A 

G
R

AC
IL

E
--

--
0.

1
--

--
--

--
--

--
0.

1
--

--
--

--
0.

1
0.

2
--

--
--

G
O

M
 P

AR
04

G
O

M
PH

O
N

EM
A 

PA
R

VU
LU

M
--

--
--

--
--

--
--

--
--

--
--

--
0.

1
--

--
--

--
--

--
G

YR
 S

C
A

04
G

YR
O

SI
G

M
A 

SC
AL

PR
O

ID
ES

--
--

--
--

--
--

--
--

--
--

--
0.

1
0.

3
--

--
--

--
--

--
M

AS
 S

M
I L

A
04

M
AS

TO
G

LO
IA

 S
M

IT
H

II 
V 

LA
C

U
ST

R
IS

--
--

0.
1

0.
1

--
--

0.
2

--
--

0.
2

0.
1

--
--

0.
1

0.
1

--
--

--
--

N
AV

 C
R

YP
04

N
AV

IC
U

LA
 C

R
YP

TO
TE

N
EL

LA
--

--
--

--
--

--
--

--
0.

1
--

--
--

0.
1

0.
4

0.
1

--
--

--
--

N
AV

 C
U

S
04

N
AV

IC
U

LA
 C

U
SP

ID
AT

A
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

0.
5

--
--

0.
1

N
AV

 L
AN

04
N

AV
IC

U
LA

 L
AN

C
EO

LA
TA

--
--

0.
4

--
--

--
--

--
--

--
--

0.
6

0.
1

--
--

0.
5

0.
3

0.
4

0.
1

N
AV

 R
AD

 P
A

04
N

AV
IC

U
LA

 R
AD

IO
SA

 V
 P

AR
VA

--
--

0.
4

--
--

--
0.

1
--

0.
2

0.
1

--
0.

6
0.

3
--

--
0.

2
--

--
--

G
 N

AV
 S

M
04

N
AV

IC
U

LA
 S

P 
(S

M
AL

L)
--

--
--

--
--

--
--

--
--

--
--

0.
1

--
--

--
--

--
--

N
IT

 F
O

N
04

N
IT

ZS
C

H
IA

 F
O

N
TI

C
O

LA
--

--
--

--
--

--
--

--
--

--
--

--
0.

4
--

--
0.

5
0.

8
0.

1
0.

1
N

IT
 N

AN
04

N
IT

ZS
C

H
IA

 N
AN

A
--

--
0.

1
--

--
--

--
--

0.
2

0.
2

--
0.

3
0.

4
--

--
0.

2
0.

5
0.

1
0.

1
N

IT
 P

AL
04

N
IT

ZS
C

H
IA

 P
AL

EA
--

--
--

--
--

--
--

--
--

0.
1

--
--

0.
1

0.
1

--
0.

4
0.

3
0.

1
0.

1
N

IT
 P

AL
 D

E
04

N
IT

ZS
C

H
IA

 P
AL

EA
 V

 D
EB

IL
IS

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

1.
8

N
IT

 P
AL

E
04

N
IT

ZS
C

H
IA

 P
AL

EA
C

EA
--

--
0.

1
--

0.
1

--
--

--
0.

2
0.

2
0.

1
0.

1
0.

8
0.

1
--

--
--

--
0.

1
N

IT
 P

AL
F

04
N

IT
ZS

C
H

IA
 P

AL
EA

FO
R

M
IS

--
--

--
--

--
--

--
--

--
--

--
0.

1
0.

8
--

--
0.

4
0.

5
0.

3
--

N
IT

 S
EM

04
N

IT
ZS

C
H

IA
 S

EM
IR

O
BU

ST
A

--
--

--
--

--
--

0.
2

--
0.

5
--

0.
1

--
--

--
--

--
--

--
--

N
IT

 S
ER

P
04

N
IT

ZS
C

H
IA

 S
ER

PE
N

TI
R

AP
H

E
--

--
--

--
--

--
--

--
--

--
--

--
--

--
0.

3
--

--
--

--
G

 N
IT

 S
M

04
N

IT
ZS

C
H

IA
 S

P 
(S

M
AL

L)
--

--
--

--
--

--
--

--
--

--
--

--
0.

1
0.

4
--

--
0.

2
--

--
SE

L 
LA

E
04

SE
LL

AP
H

O
R

A 
LA

EV
IS

SI
M

A
--

--
--

--
--

--
--

--
0.

1
--

--
--

--
--

--
--

--
--

--
LA

G
 S

C
H

05
LA

G
YN

IO
N

 S
C

H
ER

FF
EL

II
--

--
--

--
--

--
--

--
--

--
--

--
0.

1
--

--
--

--
--

--
O

PH
 C

AP
07

O
PH

IO
C

YT
IU

M
 C

AP
IT

AT
U

M
--

--
--

--
--

--
--

--
--

--
0.

1
--

--
--

--
--

--
0.

1
--

G
 E

U
G

10
EU

G
LE

N
A 

SP
--

--
--

--
--

--
--

--
--

--
--

--
--

--
0.

1
--

0.
2

--
0.

1

D
FB

31
00

36
96

14
6.

xl
s/

02
27

60
00

8
Pa

ge
 2

 o
f 2



EX
HI

BI
T 

D-
6

Su
mm

ar
y o

f P
er

iph
yto

n C
om

mu
nit

y C
ha

ra
cte

ris
tic

s, 
Ju

ne
 22

-2
3, 

20
02

CP
O2

-P
ST

AT
-

CP
O2

-P
ST

AT
-

CP
O2

-P
ST

AT
-

CP
O2

-P
ST

AT
-

CP
O2

-P
ST

AT
-

CP
O2

-P
ST

AT
-

CP
O2

-P
ST

AT
-

CP
O2

-P
ST

AT
-

St
ati

on
00

04
00

05
00

06
00

07
00

08
00

09
00

10
00

40
DA

1-
D

DA
1-

I
DA

2-
A-

Ca
no

py
DA

2-
B-

Ma
rs

h
Me

an
 V

alu
es

D
iv

is
io

n 
C

ya
no

ba
ct

er
ia

 (B
lu

e-
G

re
en

)
N

um
be

r o
f T

ax
a

25
20

13
22

14
17

17
21

20
20

15
4

17
O

rg
an

is
m

s 
%

 A
ll 

St
at

io
ns

4
7

2
7

4
11

3
21

9
4

4
22

--
O

rg
an

is
m

s 
%

 th
is

 S
ta

tio
n

10
0

89
99

95
89

10
0

10
0

99
10

0
10

0
10

0
99

98
D

iv
is

io
n 

C
hl

or
op

hy
ta

 (G
re

en
 A

lg
ae

)
N

um
be

r o
f T

ax
a

--
1

--
1

1
1

--
3

--
--

--
1

1
O

rg
an

is
m

s 
%

 A
ll 

St
at

io
ns

--
43

--
27

25
0

--
11

--
--

--
3

--
O

rg
an

is
m

s 
%

 th
is

 S
ta

tio
n

--
11

--
5

11
0

--
1

--
--

--
0

2
D

iv
is

io
n 

C
hr

ys
op

hy
ta

C
la

ss
 B

ac
ill

ar
io

ph
yc

ea
e 

(D
ia

to
m

s)
N

um
be

r o
f T

ax
a

1
--

3
1

--
3

--
1

3
2

--
2

1
O

rg
an

is
m

s 
%

 A
ll 

St
at

io
ns

2
--

8
2

--
12

--
8

20
6

--
41

--
O

rg
an

is
m

s 
%

 th
is

 S
ta

tio
n

0
--

1
0

--
0

--
0

0
0

--
0

0
Su

m
m

ar
y 

To
ta

ls
 fo

r S
ta

tio
ns

N
um

be
r o

f T
ax

a
26

21
16

24
15

21
17

25
23

22
15

7
19

O
rg

an
is

m
s 

%
 A

ll 
St

at
io

ns
4

8
2

7
5

11
3

21
9

4
4

22
--

D
FB

31
00

36
96

14
6.

xl
s/

02
27

60
00

8



EX
HI

BI
T 

D-
7

Su
mm

ar
y o

f P
er

iph
yto

n C
om

mu
nit

y C
ha

ra
cte

ris
tic

s, 
Ju

ly 
26

-2
7, 

20
02

St
ati

on
00

04
00

05
00

06
00

07
EN

P-
FD

1
00

08
00

09
00

10
DA

1-
C

DA
1-

I
DA

1-
1-

IA
DA

1-
S-

L
DA

1-
S-

M
DA

1-
I04

0
DA

2A
MA

R.
DA

2-
B-

E
DA

-F
D1

DA
2-

B-
W

DA
3-

A-
N

Me
an

Va
lu

es
D

iv
is

io
n 

C
ya

no
ba

ct
er

ia
 (B

lu
e-

G
re

en
)

N
um

be
r o

f T
ax

a
21

21
21

24
21

20
17

23
14

13
10

14
12

19
21

12
12

12
17

17
O

rg
an

is
m

s 
%

 A
ll 

St
at

io
ns

5
5

19
6

6
3

3
4

2
5

1
3

3
3

5
3

3
10

9
--

O
rg

an
is

m
s 

%
 th

is
 S

ta
tio

n
10

0
10

0
94

98
99

10
0

98
10

0
71

67
49

55
62

98
89

76
79

96
94

88
D

iv
is

io
n 

C
hl

or
op

hy
ta

 (G
re

en
 A

lg
ae

)
N

um
be

r o
f T

ax
a

1
1

4
2

--
--

--
--

3
6

5
4

4
1

6
9

9
1

4
3

O
rg

an
is

m
s 

%
 A

ll 
St

at
io

ns
0

0
7

3
--

--
--

--
6

15
2

4
8

0
7

16
19

1
13

--
O

rg
an

is
m

s 
%

 th
is

 S
ta

tio
n

0
0

1
1

--
--

--
--

3
4

1
1

3
0

3
7

8
0

2
2

D
iv

is
io

n 
C

hr
ys

op
hy

ta
C

la
ss

 B
ac

ill
ar

io
ph

yc
ea

e 
(D

ia
to

m
s)

N
um

be
r o

f T
ax

a
--

1
12

4
3

1
7

1
12

12
9

11
17

7
9

15
11

10
9

8
O

rg
an

is
m

s 
%

 A
ll 

St
at

io
ns

--
0

8
0

0
0

1
0

7
18

11
18

16
0

3
5

5
3

2
--

O
rg

an
is

m
s 

%
 th

is
 S

ta
tio

n
--

0
5

1
1

0
2

0
26

30
49

44
35

2
8

16
13

4
3

11
D

iv
is

io
n 

C
hr

ys
op

hy
ta

C
la

ss
 C

hr
ys

op
hy

ce
ae

 (G
ol

de
n-

B
ro

w
n)

N
um

be
r o

f T
ax

a
--

--
--

--
--

--
--

--
--

--
--

--
1

--
--

--
--

--
--

0
O

rg
an

is
m

s 
%

 A
ll 

St
at

io
ns

--
--

--
--

--
--

--
--

--
--

--
--

10
0

--
--

--
--

--
--

--
O

rg
an

is
m

s 
%

 th
is

 S
ta

tio
n

--
--

--
--

--
--

--
--

--
--

--
--

0
--

--
--

--
--

--
0

D
iv

is
io

n 
C

hr
ys

op
hy

ta
C

la
ss

 X
an

th
op

hy
ce

ae
 (Y

el
lo

w
-G

re
en

)
N

um
be

r o
f T

ax
a

--
--

--
--

--
--

--
--

--
--

1
--

--
--

--
--

--
1

--
0

O
rg

an
is

m
s 

%
 A

ll 
St

at
io

ns
--

--
--

--
--

--
--

--
--

--
20

--
--

--
--

--
--

80
--

--
O

rg
an

is
m

s 
%

 th
is

 S
ta

tio
n

--
--

--
--

--
--

--
--

--
--

0
--

--
--

--
--

--
0

--
0

D
iv

is
io

n 
Eu

gl
en

op
hy

ta
 (E

ug
le

no
id

)
N

um
be

r o
f T

ax
a

--
--

--
--

--
--

--
--

--
--

--
--

--
--

1
--

1
--

1
0

O
rg

an
is

m
s 

%
 A

ll 
St

at
io

ns
--

--
--

--
--

--
--

--
--

--
--

--
--

--
25

--
25

--
50

--
O

rg
an

is
m

s 
%

 th
is

 S
ta

tio
n

--
--

--
--

--
--

--
--

--
--

--
--

--
--

0
--

0
--

0
0

Su
m

m
ar

y 
To

ta
ls

 fo
r S

ta
tio

ns
N

um
be

r o
f T

ax
a

22
23

37
30

24
21

24
24

29
31

25
29

34
27

37
36

33
24

31
28

O
rg

an
is

m
s 

%
 A

ll 
St

at
io

ns
5

4
18

5
5

3
3

4
3

6
2

4
5

3
4

4
4

9
9

D
FB

31
00

36
96

14
6.

xl
sE

xh
ib

it 
D

-7
D

at
a 

Tr
an

sm
itt

al
 N

o 
. 1

Au
gu

st
 1

5,
 2

00
2



BASELINE ECOLOGICAL CHARACTERIZATION OF THE S-332D
DETENTION AREA AND ADJACENT WETLANDS IN EVERGLADES NATIONAL PARK, JUNE AND JULY 2002

DFB/DFB31003696354.DOC/022760007 13

sampling stations. Periphyton was more prevalent at sites away from the L-31W canal, and
was more sparse at the sampling stations directly adjacent to the canal. Periphyton coverage
was estimated to be 80 percent and 85 percent, respectively, at monitoring stations CPO2-
PSTAT-0007 and CPO2-PSTAT-0008, or the two locations further away from the L-31W
canal, and only 5 percent at CPO2-PSTAT-0009, the location directly adjacent to the canal,
on Transect B. The furthest station of Transect A, CPO2-PSTAT-0004, exhibited a periphyton
coverage of only 20 percent, and the mid sampling station of Transect A, CPO2-PSTAT-
0005, a periphyton coverage of 80 percent. Periphyton coverage was not conspicuous at the
station most proximal to the L-31W canal, CPO2-PSTAT -0006. Periphyton coverage at
reference station CPO2-PSTAT-0010 exhibited 80 percent periphyton cover. 

Stations within the Detention Area showed variability in cover depending upon the extent
of canopy present. Periphyton mats were not observed in tree islands, which are subject to
less inundation and significantly more shading. Scraped areas showed a developing layer of
periphyton, even after only a few days of inundation.

Several algal taxa dominant in the ENP samples are typical components of natural
Everglades periphyton communities. Species of the blue-green algal genera Scytonema,
Schizothrix, Phormidium, Microcoleus and Planktolyngbya found here are commonly
encountered in native periphyton communities in south Florida and are associated with
alkaline and mineral-rich ambient surface waters. These taxa are associated with waters of
low intrinsic phosphorus content and have been found to assimilate phosphorus from
inflows through biological uptake and co-precipitation with calcium carbonate. Importantly,
many of these taxa were present and relatively abundant in the newly flooded waters of the
Detention Area at the onset of flooding in June, suggesting that a predominantly natural
calcareous periphyton system can be expected to develop over time in the detention area,
depending upon the depth and duration of inundation. 

Subsequent sampling in July yielded similar results for the ENP stations. Commonly
encountered and abundant taxa in the ENP samples were of the genera Scytonema,
Schizothrix, Phormidium, and Planktolyngbya. Water depths measured in July at the ENP
quadrats were but slightly greater than measured at the end of June. 

Good agreement in species composition and relative abundance estimates was found in
duplicate samples taken from station CPO2-PSTA-0008 on July 26. Similarly, good agree-
ment was found in duplicate samples taken from station DA2-BE within the Detention Area
on July 27. These results indicate that the grab sampling and enumeration approaches
applied to this reconnaissance survey yielded consistent data on algal species composition. 

Some differences in algal composition were notable in samples taken from the Detention
Area. While the calcareous blue-green algae genera Scytonema, Schizothrix, Phormidium, and
Planktolyngbya were present in the samples, other algae not found in the June samples were
relatively abundant. These included blue green genera Pseudanabaena and Jaaginema and the
diatoms Brachysira vitrea and Cymbella microcephala. These taxa are also common components
of Everglades periphyton, but their incidence during the month of continued inundation at
a depth of one to two feet suggests that the newly created environmental conditions favored
the development of a slightly different periphyton community than found in the relatively
shallow and vegetated Everglades. Future comparisons of algal community structure in the



BASELINE ECOLOGICAL CHARACTERIZATION OF THE S-332D
DETENTION AREA AND ADJACENT WETLANDS IN EVERGLADES NATIONAL PARK, JUNE AND JULY 2002

DFB/DFB31003696354.DOC/022760007 14

Detention Area and the adjacent Everglades should take these important factors into
consideration.

Conclusions
Sampling conducted in June and July 2002 provided a current and long-term basis for
describing the ecological communities within and adjacent to the S-332D Detention Area
during the initial start-up period. Macrophyte communities within ENP are dominated by
sparse grasses on natural rocky substrate and appear typical of this type of plant
community within ENP. The wetlands and associated tree islands preserved during the
construction of the Detention Area are inhabited by plant species typical of emergent
wetlands and hardwood hammocks in south Florida, despite the years of modification by
agricultural practices within the Frog Pond. Periphyton communities within ENP were
dominated by taxa typically encountered in natural hardwaters in south Florida. The
periphyton communities within the Detention Area included these same species, plus
additional blue-green algae and diatoms seemingly indicative of more open, pond-like
conditions. All stations were installed to last for a long time, with the intent of allowing
future research to reference the exact locations and compare ground elevation, water depth,
macrophyte and canopy cover, and periphyton community composition.
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DFB17913.DOC

Photo looking east at quadrat PSTAT 0004

Photo looking east at quadrat PSTAT 0005
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Photo looking east at quadrat PSTAT 0006

Photo looking east at quadrat PSTAT 0007
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Photo looking east at quadrat PSTAT 0008

Photo looking east at quadrat PSTAT 0009
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Photo looking east at quadrat PSTAT 0010

Photo looking east at quadrat PSTAT-0040
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Photo of quadrat on DA1-C

Photo of quadrat on DA1-D
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Photo of quadrat on DA1-I

Photo of quadrat DA1-S-L
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Photo of quadrat DA1-S-M

Photo of quadrat DA1-1-IA
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Photo of quadrat DA2-A-Canopy

Photo of quadrat DA2-B-Marsh
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Photo of quadrat DA2-B-E

Photo of quadrat DA2-B-W
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Photo of quadrat DA2-C-S

Photo of quadrat DA3-A-N



APPENDIX E

Groundwater Monitor Well Construction Details
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A CD-based Appendix F will be provided at the time at finalization of this Technical
Memorandum.


